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TREE DIVERSITY OF TROPICAL RAIN FORESTS 
Tropical rain forests are distinguishable by their extraordinary richness of species. It is the 
mechanisms maintaining the high species richness which many tropical ecologists have tried 
to elucidate. For the richness of tree species alone, various theoretical hypotheses have been 
proposed. In general, these hypotheses can be divided into two groups, i.e. equillibirium and 
non-equilibrium hypotheses. The former predicts that floristic composition is stabilized by 
intrinsic biotic interactions under the given environmental regime of the site. It tends to 
return, therefore, to original composition, if the species mixture is altered by disturbances 
(Ashton 1989a, Hubbell & Foster 1986). By contrast, the latter holds that floristic structure 
continually changes, dependent on the balance between immigration, or speciation , and 
extinction. The latter also suggests that generalists are superior to specialists in such 
unpredictable conditions, so that many of the coexisting tree species in the same guild have 
generalized rather than diverged their niches (Hubbell 1979, Hubbell & Foster 1983, 1986). 
In the first category, many mechanisms maintaining tree species richness have been 
proposed. I do not review all of them here, but will mention some examples. Ashton (e.g. 
1964, 1969, 1976) reponed that species-specific requirements for soil properties are related 
to tree richness. Connell (1971, 1978) argued that species richness is determined by the 
disturbance regime of a s11e. Grubb (1977) emphasized the imponance of'regeneration niche' 
for coexistence of morphologically similar tree species. Tilman (1982) predicted that micro-
spatial heterogeneity in resources enhanced species richness (but originally for herbaceous 
plants). Janzen (1970) and Connell (1971) speculated that the remarkable monality of juveniles 
near mother trees prevent monodominance of cenain species. Nevertheless, when comparing 
the large number of theoretical hypotheses, there is still insufficien t field data required to 
evaluate these hypotheses. h is necessary to accumulate further field data in various regions 
and different forests. 
For such field swdies, it is ideal to consider all species coexisting in a focal fores t. 
I lowever, study species are often limited due to the restricted time and man power for a field 
study. In such cases, choice of swdy species is a substantial problem. Rogstad (1989) 
recommends closely related, sympatric species, or species in a small monophyletic group. 
One of the significan t feawres of the high species diversity of tropical rain forests is the 
presence of closely related, morphologically similar, sympatric species (cf. Ashton 1982, 
Fedrov 1966, Richards 1954, \\'hitmore 1984). Such species are most likely to have relatively 
similar niches, because mo!lt of them ha\'e the same ecological and physiological heritage via 
their common ancestral lineage (Rogstad 1989). The maintenance mechanisms may therefore 
appear typically in the coe>..istence of such species. Moreover, monophyletic groups are more 
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Chapter I 
infom1ative for evolutionary processes of tropical trees (Rogstad 1989). 
Spatial scale is another important matter in evaluating the hypotheses for the species 
richness. The hypotheses mentioned above are not necessarily contradictory to each other; 
they are possibly operating simultaneously in a particular forest. However, the relative 
importance of each mechanism may differ depending on focal spatial scale; i.e. different 
mechanisms might be working in different scales. For example, on a regional scale, it is 
known that different species are found in different habitats with different topography or soils, 
resulting in various formations (cf. van Steenis 1957, Whitmore 1984). Habitat effects may 
be less important within each habitat or formation, however. The relative importance of 
working mechanisms may also be related to the degree of environmental heterogeneity, 
which varies from place to place. Mechanisms working in a relatively homogeneous area 
might be different from those in a more heterogeneous area, even though the spatial scales 
considered are similar in both areas. The species richness and its supporting mechanisms in a 
particular forest may have a hierarchical narure in terms of spatial scale. It is, therefore, 
important to elucidate the relationships among various working mechanisms across different 
spatial scales in the same site v.·hich have not yet been well understood. 
A sound understanding of the maintenance mechanisms of species richness is crucial not 
only for tropical ecology but also for conservation and uses of tropical rain forests. We 
cannot conserve or properly manipulate tropical rain forests without a knowledge of its 
species richness. 
OBJECTIVES AND FORMAT OF THE THESIS 
In this study, coexistence mechanisms of two emergent dipterocarp species, i.e. Dryobalanops 
aromarica and D. lanceolara, was examined. Although they have not been proved to be 
monophyletic, they are congenric, hence probably sister species (P. S. Ashton pers. comm.). 
They are found in sympatric at the study site, where the topography and soils are spatially 
complex and very heterogeneous. The main objectives of this study are (I) to understand 
their regeneration processes and (2) to elucidate the mechanisms of their coexistence in the 
study forest. This is a case swdy on the coexistence mechanisms of ecologically similar, 
symatric species in a tropical rain forest including highly heterogeneous environments. By 
using a large study plot of 52 ha in area, this study also intends to discuss the multi-scale 
mechanisms affecting the regeneration and coexistence of the two study species. 
Following to the descriptions of the swdy site and species (Chapter 2), their regeneration 
processes and coexistence mechanisms are speculated on, based on the static data of their 
populations in Chapters 3 to 5. To evaluate their status in the study forest, I will first analyze 
their population structure using a large permanent plot (52 ha in area) consisting of highly 
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heterogeneous environments (Chapter 3). Then, I will estimate the effects of environmental 
factors, especially topography, on their spatial distributions and coexistence (Chapter 4). In 
Chapter 5, I focus on the regeneration process on a smaller scale, where environments are 
relatively homogeneous and suitable for the two species. The factors that may affect their 
regeneration on this scale are estimated from the spatial relations between their juvenile 
distributions and site factors such as light conditions and local tree densities. 
The regeneration processes and coexistence mechanisms shown in Chapters 3-5 should 
be considered hypothetical, because they are speculated on only from the static data. They 
should be evaluated from more dynamic view points. The latter half of the thesis (Chapters 
6-8), therefore, treats more dynamic phases, especially the seed and seedling dynamics. 
The seed and seedling dynamics during a 2.5-year period following seed dispersal have 
been studied (Chapter 6). In this chapter, the features in seedling dynamics of the two study 
species are discussed by comparing them to two other dipterocarp species. Next, I argue the 
possibility of coexistence through the differences in seedling growth response to light conditions 
(Chapter 7). A shading experiment was conducted to evaluate the differences. In Chapter 8, 
the importance of topography and relating forest floor conditions for their coxistence is 
examined by a transplanting experiment. Seeds of the two species were sown together under 
various forest floor conditions, and the effects of the forest floor environment to their germination 
and establishment were examined. 
In the last chapter (Chapter 9), I summarize the regeneration processes and relating 
factors for the two study species on the basis of the preceding chapters. Moreover, the 
importance of environmental heterogeneity on the maintenance of tree species richness in the 
study forest is discussed. 
- 3-
CHAPTER 2 
STCOY SITE AND SPECIES 
STUDY SITE: Lambi r Hills ~ationnl Park 
This study was conducted in a IO\o,.land tropical rain forest of Lambir Hills ;o.:ational Park in 
nonhern Sara\' ak (Fig. 2.1). The Park is located on undulating low hills (ea. 60-450 m a.s.l.) 
about 30 km south of Miri city. The following descriptions of the National Park depend 
primarily on an excellent review by Watson (1985). 
Vegetation 
The Park is a fragment of naiUral vegetation, which is surrounded by secondary forests, oil 
palm plantations and cultivated fields. The size is approximately 7000 ha, of which ea. 85% 
was originally covered with mixed dipterocarp forests (sensu Ashton 1964), while the other 
ea. 15%, mostly at the higher altitude area around Bukit Lambir, was heath forests or 
kerangas forests. Approximately 30% of the Park, however, has been modified by human 
activities such as logging or shifting cultivation (Fig. 2.2) 
The flora of mixed dipterocarp forests on the coastal hills in Nonh West Borneo, where 
the Park is located, is exceptionally rich and contains many endemic species (Ashton 1990). 
More than 1000 species of trees larger than I cm diameter have been recorded in a 52-ha area 
of the mixed dipterocarp forest in Lambir (Chai er al. 1995, Lee er al. 1995). 
.. · 





1 14" (INDONESIA) 
Fig. 2.1 Location of Lambir Hills National Park. 
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Fig. 2.2 Vegetation map of Lambir Hills National Park (after Watson 1987). 
MDF: mixed dipterocarp forest. 
The mixed dipterocarp forests on the upper slopes and the ridges are dominated by trees 
of Dipterocarpaceae, especially Slrorea spp. Dryobalanops aromariea and Dipreroearpus 
spp .. Other common tree families are Burseraceae, Anacardiaceae, Euphorbiaceae, 
Myristicaceae, Lauraceae and Sterculiaceae. The ground flora consists of various palms 
(Palmae), such as Lieuala, Borassodendron borneense and Eugeissona minor. Along the 
lower slopes and in the valley bouoms, however, the dominance of Dipterocarpaceae is less 
obvious, while the ground flora is generally more dense with herbaceous species of Araceae, 
Zingiberaceae, Melastomataceae and Polygalaceae. Ephyphytes and lianas are also more 
abundant in the forests on the lower slopes and in the valleys. 
More details of the flora of the mixed dipterocarp forests in the Park were described by 
Ashton (1973), Chai er al. (1995), Hall (1990), Soepadomo er al. (1984) and Watson (1985). 
Kerangas forests are characterized by low stature, dense pole size trees, small, sclerophyllous 
leaves and thick liuer layer (Brunig 1974, Whitmore 1984). They are dominated by Gymnosroma 
nobile (Casuarinaceae), Dacrydium spp. (Podocarpaceae), Podoearpus neriifolius 
(Podocarpaceae), Caloplryllum spp. (Guuiferae), Trisrania obovara (Mrytaceae) and Ploiarium 
alrernifoilium (Theaceae). The ground flora includes shrubs such as Eurhemis minor 
(Ochnaceae), the rare fern Maronia foxworrhyi, various pitcher plants (Nepenrhes spp. 
(Nepenthaceae)) and ant plants such as Hydnophyrum formicarium (Fiacourtiaceae) and 
Clerodendrum spp. (Vcrbenaceae). 
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The climate of Lambir is rcl:uivcl)' dry 
and less seasonal compared to other 
regions in Sarawak. The average 
annual rainfall is 2764 mm (1967-
1993) at Miri Airport ea. 20 km nonh 
of the Park (:\1omose er al. 1994). There 
is no distinct dry season, though the 
periods February-~1arch and July-
August have relatively little rainfall, 
while the period of the northeast 
monsoon ('landas season': October-
January) has heavier rainfall (Fig. 2.3). 
Although the year to year fluctuation 
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Fig. 2.3 Mean monthly rainfall at Miri Airpon 
(1967-1993) (after Momose er al. 1994). 
of wet and dry weather sometimes occur throughout the year (Fig. 2.4). Dry months with less 
than 50 mm rainfall occurred 18 times (6 times each in February and ~1arch; twice each in 
























Fig. 2.4 Monthly rainfall at Miri Airport (after Momosc er al. 1994). Shaded columns 
are months with less than lOO mm. Solid columns arc months with less than 50 mm. 
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Lamb•r Format•on 
Fig. 2.5 Geological map of Lambir Hills ~ational Park (after Watson 1987). 
Solid line indicates national park boundary. 
Geology, Topography and Soils 
The Lambir Hills are composed entirely of Tertiary sedimentary rocks. Three formations are 
found within the park: I) the Lambir Formation, 2) the Tukau Formation and 3) the Miri 
Formation (Fig. 2.5). The Lambir Formation, which covers most of the park, consists of 
sands10nes alternating with silt and stlty clay. The Lambir Formation is thought to have 
developed as coastal plain deposits \\ ith strong fluviatile influences during Miocene (ea. 
10-25 million years ago) (Mulock Hou,,er 1967). 
The topography of the Lambir Hills 'ational Park is very complex, having the long ridge 
of the Lambir Hills cuesta in northeast direction with many subsidiary dip-faultings (Fig. 
2.6). Landslides probably play an important role in the erosion processes in the Lambir Hills 
(Ohkubo er al. 1995). They may occur only when the soil becomes exrremely saturated 
during periods with prolonged heavy rainfall. In the early landas season of 1963, a large 
number of landslides took place due to the exceptionally heavy rainfall (P. S. Ashton pers. 
comm.). 
No detailed soil survey has been conducted in the Lambir Hills, except for some preliminary 
soil research mainly in the mixed dipterocarp forest area (e.g. Andriesse 1972, Ashton 1973, 
I!irai er al. 1994, Matsumura 1994, Wall 1962). Tt'e (I 982) classified the soils in the Park 
into three types: I) Podozols, 2) Red- Yellow Podozolic Soils and 3) Skeletal Soils. 
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Fig. 2.6 Topography of Lambir Hills National Park. Contours are at 100ft. intervals. 
The doued line indicates national park boundary. The positions of the 52-ha plot (see 
Chapter 3) and the transplant experiment (see Chapter 8) are also shown. 
Podozols occur on the nonh slope of the main ridge of the cuesta, and their distribution is 
assumed to coincide with that of kerangas forests (Fig. 2.2). 
Red-Yellow Podozolic Soils cover most of the rest of the Park, where fine mixed dipterocarp 
forests have developed. In general, they have a moderately thick A0, and thin A1 horizon, 
overlying a deep yellow sandy loam B horizon, and they are susceptible to gully erosion and 
landslides (Wall 1962). Their chemical properties are generally poor, having a low level of 
cation exchange capacity and nutrients. However, their properties vary considerably from 
place to place even within small areas depending on topography, clay content, mother rock 
(sandstone or shale) and maturity (Hirai er al. 1995, Palmiouo 1995). Ashton & Hall (1992) 
classified the soils into two types based on the soil properties, especially clay content: udult 
ultisol and humult ultisol. Therefore, an area covered by this soil type is highly heterogeneous 
in terms of soil properties, and it should be considered as a complex mosaic of different soil 
patches. 
Skeletal soils are found on solid rock or fragmented rock of steep slopes. They are very 
shallow(< 50 cm) and stony. 
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Study site and species 
STUDY SPECIES: Dryobalanops aromatica and D. lanceolata 
Taxonomy and Distribution 
Dipterocarpaceae is divided into three subfamilies: Pakaraimoideae, Monocoideae, and 
Dipterocarpoideae (Ash ton 1984). The subfamily Pakaraimoideae consists of the monotypic 
genus, Pakaraimaea, which is distributed in British Guyana, South America. Monotoideae, 
most of which species are small trees or shrubs, is represented in Africa and Madagascar. 
Dipterocarpoideae is the most divergent subfamily, comprising 13 genera and about 470 
species, which range from the Seychelles through Sri Lanka, India, Bangladesh, Myanmar, 
Thailand, Indochina, South China, to Malesia (including Malaysia, Indonesia, the Philippines 
and Papua New Guinea). 
Dryobalanops Gaertn. f is a small and homogeneous genus, comprising seven species 
(D. aromarica Gaertn. f, D. lanceolara Burck, D. oblongifolia Dyer, D. keirhii Sym., D. 
beccarii Dyer, D.fusca Sloot. and D. rappa Becc.). The genus is endemic in West MaJesia; 
two species (D. aromarica and D. oblongifolia ssp. occidenralis Ashton) are distributed in the 
Malay Peninsular and Sumarra, and all seven species in Borneo (Fig. 2.7). Dryobalanops 
formerly had a wider distribution also in South India, Kampuchea, South Sumatra, West 
Java, and the Moluccas, judging from the fossil wood records (Ashton 1982). 
Each species has its own distribution and habitat preference (Fig. 2.7 and Table 2.1). 
Dryobalanopsfusca and D. keithii are distributed locally in kerangas forests of west Borneo 
and on river banks of northwest Borneo, respectively. Malayan subspecies of D. oblongifolia 
occurs by streams or in swampy areas, though its Bomean subspecies (D. oblongifolia ssp. 
oblonglfo/ia Dyer) is found mainly on hillsides (Ashton 1964, Ashton 1982, Symington 
1943, van Steenis 1931). Distributions of D. aromarica, D. lanceolara, D. beccarii and D. 
rappa overlap at northern Sarawak and Brunei, where the study site (Lambir Hills National 
Park) is located (Fig. 2.1 ). This study was thus conducted at the center of diversity of the 
genus Dryobalanops. 
Table 2.1 Proportions (%)of specimens collected from various habitat, 
based on the site descriptions in labels of Dryobalanops specimens kept at the 
Kuching Herbarium. N: total number of specimens which had site description. 
Species N Ridge Slope & Swamp Kerangas 
flat land 
D. aromarica 10 70 30 0 0 
D. /anceolara 18 28 72 0 0 
D. beccarii 26 50 42 8 0 
D. oblongifolia 4 50 50 0 0 
D. keirhii I 0 100 0 0 
D. rappa 14 0 0 71 29 







• D. oblongifolia ssp. oblingifolia 
0 D. oblongifolia ssp. occidentalis 
"' D. keithii 
o D.fusca 
Fig. ~.7 Distri?utions of Dryobalanops species. Data from specimens of the 
Kuchm.g Herbanum, Ashton ~ 1982), Symington ( 1974) and van Slooten (193 1 ). 
No ava!lable data for Indones1an Borneo (Kalimantan). 
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Since D. rappa is a mixed peat swamp species (Table 2.1, Ashton 1964, 1982), it was not 
found in the study plots, all of which were established on a hilly area. Although there have 
been some records of D. beccarii from Lambir (e.g. Hall 1990, Watson 1985), distribution of 
D. beccarii in the study forest could not be confirmed during this study. The morphological 
features of D. aromatica and D. beccarii are very similar (Ashton 1964), and they are often 
indistinguishable, especially for juveniles, in the study area (A. Itoh pers. observation, P. S. 
Ashton pers. comm., S. Kobayashi pers. comm.). So far, there has been no morphological 
evidence which sugges t that the trees which were identified as D. aromatica consist of two 
different species. Therefore, it was tentatively concluded that only two species. D. aromatica 
and D. lanceolata, were distributed in the study site, and trees which might be D. beccarii 
were treated as D aromatica in this study. 
Ecology 
Dryobalanops aromatica and D. lanceolata are among the tallest trees in West Malesia: up to 
60-70 m in height and 1.5-2 m in d1ameter (P. S. AshtOn pers. conll1l., Corner 1988, Foxwonhy 
1927, \an Slooten 1931). On account of their huge size. they play an imponant pan in the 
structure of the forest where they occur. They are always found very abundantly or growing 
gregariously, often predominating the upper canopy and emergent trees (Ashton 1964, 1982, 
Meijer 1970, Symington 1943, van Slooten 1931, Whitmore 1984, Wyatt-Smith 1963). 
Both species produce large one-seeded (2-3 g dry weight) fruits which have five sepal 
wings (7-1 0 cm in length) (Fig. 2.8). The fruits will be referred to as "seeds" hereafter. The 
a) 
2cm 
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Year 
Fig. 2.9 Collecting years of Dryobalanops specimens with flowers or fruits at the Kuching 
Herbarium. Black columns: years with frui1ing specimens; Shaded columns: years with 
flowering specimens; open columns: years wiJh infertile specimens or no collection. 
interval of heavy fruiting has been reponed to be relatively short (ea. 2-4 years), compared to 
other dipterocarp species (Chan 1977 and Appanah 1979 in Ashton 1989, Cockburn 1975). 
Specimens at the Kuching Herbarium also suggest that both species fruited frequently in 
northern Borneo as a whole (Fig. 2.9}, though there were many years without collection of 
Dryobalanops specimens. Their flowering or fruiting month varied year to year (Fig. 2.10) 
as well as place to place. Whether these phenological features in the whole of northern 
Borneo can be applied to a certain small area such as the Lambir Hills has yet to be studied. 
The seeds of D. aromatica and D. lanceolata have no dormancy and germinate promptly 
after dispersal. Development and morphology of seedlings of the two species were similar, 
and described well by Edelin (1990), Ng (1991} and de Vogel (1983). The tap root and 
hypocotyl emerge from the apex of the fruit The tap root grows upwards at first, then curves 
downward to enter the soil (Fig. 2.11 a). The distinctly unequal fleshy cotyledons are pulled 
out of the fruit wall (Fig. 2. 11 b). The first intemode strongly elongates to produce one or two 
pair of opposite oblong leaves (hereafter "primary leaves") (Fig. 2.11 b). Next leaves are 
arranged spirally on the main stem, and a lateral plagiotropic branch is produced at every few 
nodes (Fig. 2.11c). Stipules are small and fall early. 
Juveniles of D. aromatica show Roux's architecture model , having an onhotropic trunk 
with slender plagiotropic lateral branches which are drooping due to their own weight (Halle 
et al. 1978, Edelin 1990). When the trees become taller, D. aromatica suddenly changes its 
architecture, and all the branches, including firs t order branches, tend towards orthotropy 
(Halle & Ng 1981, Edelin 1990). At the mature stage, the leaves are confined to the edge of 
the crown, and the crown and crownlets develop mu tual avoidance, resulting in a spherical 
crown showing crown-shyness (Halle & Ng 1981, Whitmore 1984). The morphological 
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Fig. 2.10 Number of Dryobalanops specimens with flowers (open 
columns) or fruits (shaded columns) in each month. Data from 
specimens at the Kuching Herbarium (collected in Sarawak, Brunei and 
Sabah during the period 1952-1983). 
features of D. lanceolata are generally similar to those of D. aromarica, though lateral 
branches of D. lanceolara juveniles are thicker, hence less drooping, and the shape of the 
mature crown is more crowded by crownlets and leaves, showing less clear crown-shyness 
(A. ltoh pers. observation). 
Uses and Sill•iculture 
The vemacular names in Sarawak are 'Kapur peringgi' or 'Keladan'(Iban name) for D. aromatica 
and 'Kapur paji' or 'Paji'(lban name) for D. lanceolara. They are important timber species of 
medium hardwood for construction and plywood (Sarawak Timber Industry Development 
Corporation 1987). Their timbers share similar properties, containing much silica and having 
a specific gravity of 0.5-0.8. 
Formerly, crystall ine camphor (Borneo camphor) and oleo-resin were collected from 
mature trees of D. aromarica (Beccarii 1904, van Slooten 193 1}, bu t they have not been 







Fig. 2.11 . Seedling d~velopment of Dryobalanops aromacica: a) a germinating fruit; 
b) a seedhng at the pnmary leaf stage; c) a 2-year old seedling. 
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comphora (Lauraceae) (Burkill 1935). 
Because of the frequent fruiting, high germination rate and rapid growth of the juveniles, 
D. aromarica and D. lanceolara arc important and hopeful species for plantation in logged 
over forests in Malaya and Borneo. Dryobalanops aromarica has been a major species for 
line planting in secondary forests of Malaya from the 1940's (Appanah & Weinland 1993a). 
Studies and applications of D. lanceolara and D. aroma1ica for planting have recently started 
in various regions in Borneo: Sabah (Mura-Costa in prep., Mura-Costa & Lundoh in prep.), 
Sarawak (0. K. Earnest Chai pers. comm. J. J. Kendawang pers. comm., A. Itoh pers. 
observation), Brunei (Ochiai ec al. I 994, Shiraishi & ~1ohsin 1994, Ishii ec al. 1994, Kitamura 
ec al. 1994) and Kalimantan (Y. Okimori pers. comm., S. Sasaki pers. comm.). 
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CHAPTER 3 
STATUS OF DU>'OBALANOPS I~ T il t:: STUDY FOREST 
INTRODUCTION 
Tropical rain forests are generally the most diverse plant communities in the world without 
any dominant species (Lcigh 1982, Richards 1952, Whiomore 1984). However, tropical 
forests dominated by one or a few species (hereafter, monodominant forests) have been 
reported in Africa (e.g. Eggeling I 947, Hart er al. I 989, Moutsambote er al. 1994), South 
America (e.g. Beard 1946, Connell & Lawman 1989, Davis & Richards 1934), and Southeast 
Asia (e.g. Richards 1952, Whitmore 1984). Early studies on monodominant forests in the 
tropics were reviewed by Connell & Lawman (I 989) and I !art er al. (I 989). 
Dryobalanops aromarica has often been referred to as an example in the making of 
monodominant forests in South East Asia (Connell & Lawman 1989, Hart er al. 1989, 
Richards 1952). In the east of Malaya, D. aromarica formerly dominated rain forests in 
patches over se,·eral thousand square kllometers (Fox worthy 1927, Whit more 1984, Wyatt-
Smith I 963). Rain forests dominated by D . aromarica were also reported in Sumatra (van 
Zon 1916 in \an Slooten 1931) and Labuan Island, Saraw.1k (Low 18~8 in van Slooten 
1931). 
Other species of the genus Dl)·obalanops have also been reponed to make monodominant 
forests. Abundant stands of D. lanceolara have been found in central Sarawak (Beccarii 
1904) and Sabah (Meijer 1970). Dryobalanops beccarii also dominated some lowland forests 
in Brunei (Yamada 1991) and west Kalimantan (Kaji & Suzuki 1994). In secondary forests 
of peat swamp area in Brunei, pure stands of D. rappa have been reported by Ashton (1964) 
and Yamada (1991). 
In this chapter, to understand the status of D. aromarica and D . lanceolara in the study 
forest, their population structure and canopy dominance were analyzed using a large scale 
(52 ha) permanent plot. Two questions were addressed: (I) Do D. lanceolara and/or D. 
aromarica dominate the canopy of the study forest in a large scale (52 ha) and/or in a small 
scale ( 1 ha)? (2) If so, does their dominance reduce the diversity of other canopy or subcanopy 
species? 
:\1ETHODS 
A permanent plot of 52-ha ( 1040 m x 500 m) was established in the forest during the period 
1990-1993. The plot was divided into I 300 squares of 20 m x 20 m in size. Each square was 
fun her divided into 25 quadrats of 5 m x 5 m. The demarcation of the plot, squares and 
quadrats was done by a theodorite and compass survey. Aluminum pipes and plastic pegs 
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Fig. 3. 1 Distnbutions of Dryobalanops aromarica ( e ) and D. lanceolara (0) trees(~ 30 cm 
in DBH) 1n the 52-ha plot. Shaded areas are plots for analysis of local dominance (see text). 
were put at the corners of all the squares and quad.rats, respectively. 
All trees equal to and larger than I cm DBH (diameter at breast height or 1.3 m above the 
ground) were tagged with aluminum number plates and measured in DBH using a diameter 
tape to the nearest 0.1 cm. Trees with buttress higher than 1.3 m were measured at just above 
the buttress height. Positions of the base of all trees were mapped on a sheet of section paper 
for each 5 m x 5 m quadrat. Species identification of the tagged trees were done after the 
enumeration. Tree species were identified in the field if possible, however, specimens were 
collected by tree climbers from all trees which could not be identified in the field. 
Dominance of Dl)·obalanops in the small scale was analyzed using two 1-ha subplots 
(Plot 1 and Plot 2) established within the 52-ha plot. The positions of Plot 1 and Plot 2 were 
chosen to include many large trees (DBH ~ 30 cm) of D. lanceolara and D. aromarica, 
respectively (Fig. 3.1 ). 
RESULTS AND DISCUSSION 
Status in the 52-ha plot 
Dryobalanops aromarica (N = 8,419) was the most abundant canopy species in the 52-ha 
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Fig. 3.2 Proportions of common canopy tree species in various size classes. Numerals in 
parenthesis arc total tree number in each size class. :'\umcrals in columns arc number of species 
in each category (for Lambir, lcntative number of taxa which had been identified by August 
1993). • : Data for Pa~oh \\as calcul:ltcd from Appanah & Wcinland ( 1993). 
954), however, was restricted to the southeastern side of the plot, and was not common in the 
plot as a whole. The spatial distribution patterns of the two species were segregated between 
species, but aggregated within species. Details of their spatial patterns will be di~cussed in 
the next chapter. 
Figure 3.2 shows the proportions of common canopy species and other dipterocarp species 
to total rree number at various DBH classes larger than 50 cm. For comparison, data of the 
50-ha plot in Pasoh forest, Peninsular Malaysia (Appanah & \Veiland J993b) are also shown. 
The data indicates that the proportion of D. aroma1ica in the main canopy of the Lambir plot 
was not exceptionally high compared to other common canopy species of Larnbir and Pasoh 
forests. In Larnbir, D. aroma1ica occupied 8-20% of any size classes, and the proportion was 
higher in larger size classes. Diprerocarpus globosus, the second most abundan t canopy 
species (N = 2,405) in the Larnbir plot, was less than I 0% of the largest size class (DBH ~ 1 
m), though its proportions were comparable to those of D. arom01ica in the size classes 
50-100 cm. In Pasoh, Neobalanocarpus heimii, Shorea parviflora and S. lepidota occupied 
12-15% each at the largest size class. Shorea leprosula occupied ea. 10% in 60-80 cm DBH 
classes. Therefore, though D. aromarica was the most abundant canopy species, it did not 
dominate the canopy of the 52-ha plot as a \o.hole. 
DBH frequency distributions of D. aromarica, D. lanceolaw and Diplerocarpus globosus 
- 18-
S[(JIUS of Dryobalanops 
10000 
Dryobalcmops aromauca Diplerocarpus globosus 
1000 







10000 0 20 40 60 80 100 120 140 
.... 




20 40 60 liO 100 120 140 
DBH class (cm) 
Fig. 3.3 DHB frequency distributions of Dryobalanops aromarica, D. 
lanceolara and Diprerocarpus globosus in the Lambir 52-ha Plot. DBH 
classes are at I 0-cm inter,als except for the smallest class ( 1-10 cm). N: total 
number per 52 ha. 
arc shown in Fig. 3.3. BOth of the two Dryobalanops had slightly decreasing patterns in a 
semi-log scale, having abundant small size trees. The proportions of rrees 1-5 cm DBH were 
87.6% and R9.9% for D. aromarica and D. lanceolara respectively. D. /anceolara had a 
higher proportion in smaller individuals than did D. aromarica. The ratios of adult trees 
(DBH ~ 30 cm) to poles (5 cm ~ DBH < 30 cm) to saplings (I cm ~ DBH < 5 cm) were 1 : 
2.0: 18.4 and I : 4.3 : 36.2 for D. aromarica and D. /anceolara, respectively. Dipterocarpus 
globosus was comparable to D. arom01ica in the number of middle size trees (cf 40-100 ern 
DBH classes), however there were fewer rrees of both the smaller and larger size classes. The 
ratio of adult:pole:sapling was I : 1.1 : 5.1. Assuming that the populations were in a state of 
equilibrium, the probability of a sapling becoming an adult would only be 1/18 and 1/36 for 
D. aromarica and D. lanceoalra respectively, and 1/5 for D. globosus. This suggests that 
there is a continuous mortality in juveniles of the two Dryobalanops before they mature. By 
contrast, the mortality of established juveniles may be less severe for D. globosus. 
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Dominance of Dryobalanops in the small scale 
D. aromarica :md D lance(>lata were the most abundant c:111opy species in each 1-ha subplot 
(Table 3.1 ). The proponions of Dryobalanops were higher in large si Le classes than in small 
size classes. Dryobalanops aromariea and D. /aneeolara, respectively, occupied 23% and 
15% of trees lager than 30 cm DBH in number, and 30% and 27% in basal area. This 
indicates that the upper canopy and emergent trees of both subplots were dominated by 
Dryobalanops, however, the lower canopy and subcanopy included many other tree species. 
The species diversity of the lower canopy and subcanopy was very high in both subplots 
(Table 3.1). Total numbers of 177 and 125 taxa have been identified in trees larger than 10 
cm DBH in Plot I and Plot 2, respectively. These figures may be highly underestimated, 
since the identification have not yet completed at the species level, especially for Bruseraceae, 
Lauraceae, Myrtaceae, Myristicaceae and Sapotaceae, which may include many different 
species. The numbers of tree species per hectare above 10 cm DBH were ea. 140 in Andulau, 
Table 3. 1 Tree number and basal area in various DBH classes in Plot I and 
Plot 2. Dr represents Dryoba/anops laneeolara in Plot I, and Dryohalannps 
aromarica in Plot 2. 
DBH class :-\o./ ha Basal area (m2 / ha) (cm) Dr (%.) other spp. (:\T .• ) Dr (%.) other spp. 
Plot 1 
10-20 5 (2) 292 (130) 0.09 (2) 4.50 
20-30 4 (5) 80 (52) 0.17 (4) 3.70 
30-40 0 (0) 32 (28) 0 (0) 2.98 
40-50 2 (10) 18 (17) 0.37 ( 11) 2.91 
50- 60 2 (33) 4 (4) 0.52 (37) 0.89 
60-70 3 (50) 3 (3) 0.93 (50) 0.92 
70-80 I (20) 4 (4) 0.43 (21) 1.60 
80-90 0 (0) 2 (2) 0 (0) 1.19 
90- 100 I (25) 3 (3) 0.69 (25) 2. 11 
100- 3 (60) 2 (2) 3.20 (43) 4.25 
Plot 2 
10- 20 12 (3) 433 ( Ill) 0.18 (5) 6.62 
20- 30 15 (10) 130 (61) 0.77 ( 1 1) 6.19 
30- 40 6 (9) 63 (30) 0.56 (9) 5.67 
40- 50 16 (32) 34 (23) 2.58 (32) 5.41 
50-60 4 (21) 15 (10) 0.89 ( 19) 3.69 
60-70 6 (43) 8 (7) 1.90 (40) 2.83 
70-80 3 (33) 6 (6) 1.40 (36) 2.53 
80-90 2 (25) 6 (4) 1.09 (24) 3.41 
90- 100 0 (0) 4 (4) 0 (0) 2.89 
100- 3(100) 0 (0) 2.80 (100) 0 
* Proponion to total value of each DBH class. 
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Fig. 3A Canopy dominance of Dryobalanops in tree number (a) and basal area 
(b). Da: Dryoha/anops aromarica; Dl: D. lanceolara; Db: D. beccarii. Figures 
in parenthesis are plot size and lower DBH limit of canopy. Data sources are I: 
Wyatt-Smith (1969); 2: \'an Zon (1916); 3: current study; 4: Meijer (1970); 5: 
Kaji & SuzuJ...i ( 1994). n.a.: data not available. 
Brunei (Ashton 1964), ea. 150 in Sungei Menyala, Malaya (Wyatt-Smith 1949), ea. 180 in 
East Kalimantan (Kartawinata et al. 1981 ), ea. 210 in Pasoh (Kouchummen er al. 1990), and 
225 and 210 in an alluvial forest and a dipterocarp forest, respectively, in Gunung Mulu, 
Sarawak (Proctor er al. 1983). The actual species diversity of the subplots, thererfore, may be 
comparable to or rather higher than other aseasonal lowland rain forests in South East Asia. 
The dominance of the upper canopy and emergent trees by Dryobalanops may have little 
influence on the diversity of the lower canopy and subcanopy. Based on the data from 
Wyatt-Smith (1963), Kachi er al. (1993) also suggested that the canopy dominance of D. 
aromariea has little effect on the di\'ersity of the other tree species in Peninsular Malaysia. 
Figure 3.4 shows the canopy dominance by three species of Dryobalanops in various 
regions. Dominance in tenns of tree number varied among species and regions, probably 
because the value was largely innuenced by the sample size and the lower limit of the canopy 
tree in the forest in\'Cstigations, "hi le dominance of basal area was not much different in all 
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species and regions with 'alucs of 25-30%. fn a small se .lie of I ha, the degree of dominance 
by D. aromarica and D. lanceolara in the study site was comparable to othcrDryohalnnops 
dominant forc!.ts that ha'e been reponed in other regions. 
Howe,er, the degree of canopy dominance by species of Dryohalannps (25-30%) is 
smaller than thO!-e of other monodominant forests in the humid trOpiCS. Connell & Lov.man 
( 1989) defined a monodominant forest as a forest more than 50% (by number) of which 
canopy was occupied by one species. Therefore, most Dryobalanops forests might not be 
monodominant forests on the basis of their definition, although several authors referred to 
Dryobalanops aromarica as an example of monodominant species in the South East Asian 
rropics (Connell & Lawman 1989, Hart er ar. 1989, Richards 1954, Whitmore 1984). The 
dominance of Dryobalanops may be between monodominant forests and typical mixed tropical 
rain forests (sensu Richards 1954). 
In conclusion, D. aromarica and D. lanceolara predominated the upper canopy and 
emergent trees very locally (e.i. in a small scale of I ha) in the study forest. However, since 
their distributions were highly clumped, they were not dominant species in the 52-ha plot as a 
whole. Even at places predominated by the two Dryobalanops, their dominance was not 
extremely high, and the lower canopy and subcanopy showed great diversity in tree species. 
It would be of interest to study why they do not become more abundant and dominate the 
whole canopy. What are the mechanisms that maintain the di,ersity of other canopy trees in 
Dryobalanops predominant stands? 
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CHAPlE11 4 
E FF ECTS OF TOPO GR APHY O N LA R GE 
SCA L E SP ATI AL PATTER NS 
INTRODUCTION 
Tropical rain forest communities show variation on a range of scales. Whitmore (1984, 1990) 
attempted to rank the factors influencing rain forest composition. Availability of flora is the 
primary factor which deterrnines the species composition of a local area. Major disturbances, 
such as cyclones, and major habitat differences are the next important factors resulting in 
differences between formations. Species specific features of reproductive behavior 
('reproductive pressure') and difference in topography and soil are related to less obvious 
variations within formations. The relative importance of the latter two factors, however, is 
variable among species as well as place (Ashton 1964, 1976, Austin er al. 1972, Baillie er al. 
1987, Hubbell & Foster 1983, Poore 1968, Wong & Whitmore 1970). 
The importance of the topography and soil difference leads to an equilibrium view, in 
which the community composition is more or less stable according to the environmental 
mosaic in the community. On the other hand, the importance of reproductive behavior supports 
an unequilibrium view, in" hich the composition is more unstable and fluctuates stochastically 
because there is a large element of chance in this hypothesis (Wong & Whitmore 1970, 
Hubbell & Foster I 983, Whitmore I 990). 
The first step for checking the relative importance of the two factors is to analyze the 
relationship between species distribution and topography and/or soil in a community. A 
strong relationship between them suggests that environmental factors play an important role 
in detennining the community composition. 
It was shown in the previous chapter that Dryobalanops aromarica and D. lanceolata 
predominated the main canopy very locally(= I -ha scale). However, the dominance was not 
high in the 52 ha plot as a whole because of their highly clumped distributions (Fig. 3. 1). 
Therefore, the spatial distribution pattern and its causes in the whole 52-ha plot scale should 
be clarified to understand the mechanisms of their co-exsistence in the plot. The question 
addressed in this chapter was whether the spatial distributions of Dryobalanops aromarica 
and D. lanceolata have a significant relation with topography in the 52-ha perrnanent plot. If 
so, their distributions in the plot must be deterrnined mainly by topgraphy. The influence of 




Calculation of topographic features 
~1ean slope inclination and surface relief of each quadrat were calculated from the 20 m x 20 
m grid data of altitude. For each quadrat, a plane which is expressed by Eq (4.1) was 
calculated from the three dimensional coordinate data at each corner of the quadrat by a 
mean least square method. 
(4.1) 
Mean slope inclination (s) were calculated from the coefficients of Eq (4.1) as, 
(4.2) 
Surface relief of a quadrat was evaluated by "convexity index (Cl)". Cl was calculated as, 
Cl= h- h., (4.3) 
where h is the mean altitude of focal quadrat and h, is the mean altitude of a surrounding 60 
m x 60 m quadrat. Values of h and h, were calculated by following Eqs: 
lz = Zjj + Zj.,. 20. J + Z;. j + 20 + Zj- 20. j + 20 
4 ' (4.4) 
h, = (z,.20.,.2o + z,.20.1 + z,.20.r20 + z,.20.14 + z,.1o4o + z •• w.r"o + 
where z,.1 is the altitude of the left bottom corner ((.x. y) = (1, J)) of a focal quadrat. 
Quantitative analysis of spatial pattems 
The data of DBH and position for all D. aromatica and D. lanceoalta trees (DBH ~ 1 cm) in 
a southern 50-ha area (500 m x 1000 m) of the 52-ha plot was used for analy~ts. ,\1orishita's 
Io index (Morishita 1959) was used for evaluation of spatial pattern. The value of 18 takes a 
negative value down to -1 for unifonn distribution of individuals, 0 for random distribution 
and a positive value up to I for clump distribution. The analysis was applied independently 
for three size classes (large tree : DBH:::: 30 cm; pole: 5 cm ::;; DB II < 30 cm; sapling : 1 cm 
::;; DBH < 5 cm). 
Thew index of Jwao (1977) was used for analysis of spatial association between size 
classes of each species or between the two species. The w index takes from the maximum 
value of+ I for complete overlapping, through 0 for independent occurrence, to the minimum 
of -1 for complete exclusion. 
The values of I o and w were calculated for various quadrat sizes, as the 50 ha area was 
divided into 8, 32, 128,512,2048,8192 or 32768 quadrats. 
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Large scale spatial pattern 
RESULTS 
Spatial pal/em 
D. aromatica was distributed -wider in the plot than was D. /anceolata, which was mostly 
restricted to the south -east side (Fig. 4. I). 
Spatial dtstribtuion pa11erns of large trees, poles and saplings of D. /anceolata were 
highly clumped (Fig. 4. 2). The values of IO(s)l/0(2s) had a peak at 62.5 m x 62.5 m in poles 
and saplings of D. /anceolara, indicating that they had a mean clump size on this scale (Fig. 
4. 2). Large trees of D. lanceolara showed a wide peak between 62.5 m x 62.5 m and 125 m 
x 125 m, suggesting a larger mean clump size than those of saplings and poles. 
The to index also showed aggregated distribution in all size classes of D. aromatica, 
though larger size classes were less aggregated (Fig. 4. 2). Saplings and poles had two peaks 
at 31.2 m x 31.2 m and 125 m x 125 m in I O(s)/1 0(2s). This suggests that they had double-clumped 
distributions: small clumps of 31.2 m x 31.2 m mean size within large clumps of 125 m x 125 
m mean size. Large trees showed no clear peak, suggesting that they were aggregated 
individually and that the mean clump size could not be detected. 
The values of w index were positive at all quadrat sizes used in poles and saplings of D. 
/anceolara, indicating that distributions of large trees and saplings or poles were segregated 
on all scales (Table 4. I). In D. aromatica, w index took positive values at large quadrat sizes, 
but took negative values at a 39 m x 3.9 m quadrat size both in poles and saplings. This 
suggests that distributions of smaller rrees were aggregated in larger scales, but segregated 
from large trees in fine scales. 
Table 4.1 Values of w index between large trees (dbh :2: 30 cm) and poles (5 cm 
::;; dbh < 30 cm) or saplings (I cm ::;; dbh < 5 cm) of Dryobalanops aromatica and 
D. lanceolata in a 52-ha plot. 
Quadrat size D. aromarica D. lanceolata 
(m x m) Pole Sapling Pole Sapling 
3.9 X 3.9 -0.653 -0.072 0.015 0.026 
7.8 X 7.8 0.009 0.027 0.047 0.074 
15.6 X 15.6 0.092 0.094 0.137 0.127 
31.2 X 31.2 0.249 0.174 0.285 0.277 
62 5 X 62.5 0.443 0.199 0.787 0.770 
125 X 125 0.533 0.256 0.857 0.887 
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FigA.2 Monshlla's to indc~ and !O{s) 1&2s) for I:J.rge trees <•; dhb ~ 30 cm), poles <•; 5 ~ dbh 
< 30 cm) and saplings ( .6. ; I ~ dbh < 5 cm) oft\\ o Dryobalanops. Doued lines (to= I) indicate 
random distnbution. 
Distributions of D. aromarica and D. /anceolara were highly segregated even for small 
individuals (Table 4. 2). For large trees, values of w index in smaller scales than 31.2 m x 
31.2 m were -1, indicating complete segregation of the two species . 
Relationship between distribution and topography 
In order to see the interactive effects of slope inclination and surface relief on the density of 
the two species, all quadrats (20 m x 20 m) were classified by their topographic features into 
six categories. First, they were divided into two categories by their mean slope inclination as 
steep slope (mean inclination ~ 30°) or gentle slope (mean inclination < 30°). Then, each 
slope was classified into three more categories based on its surface relief as concave (Cl ~ 
-1.5), flat (-1.5 <Cl < 1.5) or convex (Cl~ 1.5). 
The topography of the 52-ha plot and spatial distribution of each category are shown in 
Figs. 4. 3 and 4.4. Variation of topography within the plot was large and highly heterogeneous. 
Gentle slopes with convex surface relief were found along main ridges. Between the main 
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Table 4.2 Values of w index between Dryoba/anops aronUJtica 
and Dryoba!anops lanceo!ata in a 52-ha plot. 
Quadrat size Large trees All trees 
(m x m) (dbh ~ 30 cm) (dbh ~ I cm) 
7.8 X 7.8 -1 -0.760 
15.6 X 15.6 -1 -0.792 
31.2x31.2 - I 0.849 
62.5 X 62.5 -0.969 -0.813 
125 X 125 -0.888 -0.463 
250 X 250 -0.719 0.144 
ridges, gentle slopes with flat or concave relief were disoibuted. Steep slopes were mostly on 
the south to east side of the main ridges. 
There were significant positive relationships between the values of convexuy index (Cl) 
and the mean density of D. aromatica in all size classes (fig. 4. 5). On the other hand, the 
mean density of D. lanceolata was negatively correlated with CL 
All size classes of D. aromarica showed a higher mean density in quadrats of convex 
surface relief than in those of concave surface relief on either steep slopes or gentle slopes 
(Table 4. 3). Large trees of D. aromatica had a higher mean density on gentle slopes than on 
steep slopes. On the other hand, the mean density of saplings was higher on steep slopes. In 
contrast to D. aromatica, the mean density of D. lanceolara was higher in quadrats of flat or 
concave surface relief than in those of convex relief on gentle slopes. Although some poles 
and saplings of D. lanceolata were distributed on the steep slopes having convex surface 
relief, no large tree was found on those quadrats. 
DISCUSSION 
The results clearly indicate the habitat segregation of D. aromarica and D. lanceolara in 
terms of topography. They showed opposite preferences to surface relief. Dryobalanops 
aromarica was distributed more on convex places such as ridges, while D. lanceolara was 
found more on concave places such as valleys. The linear relationships between the mean 
densities and Cl values (Fig. 4. 3) suggests that they respond even to small differences in 
topography. Similar relationships between the distributions of the two species and topography 
were also found in tropical rain forests of Brunei by Ochiai er al. ( 1994 ). 
. 28. 
Large srale .1patial paucrn 
Fig. 4.3 Topography of the 52-ha plot. Contours are at 5 m intervals. Numerals on contours 
show the altitude in meters. 
Gentle slope Steep slope 
D Convc' • Con,·cx m Flat !:] . FIJI 
• Concave ~ Conc:1vc 
Fig. ~A Spatial distributions of topographic categories in the 52-ha plot (see text for 
tpographic categories). 
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Fig. 5.5 Relationships between convex index (sec text) and mean densuy of Dryobalarwps 
aromatica (a: large trees, b: poles. c: saplings) and D /anceolata (d: large trees. c. poles. f: saplings). 
rs: Spearman's rank correlation ("'*:significant atp < 0.01 ). 
Topography, however, may not be the only factor for determining their distributions. 
Hirai et al. (1995) found some differences in soil characteristics sampled from under D. 
aromarica and D. lanceolara trees on larger scales than in this study 1n the Lambir Hills. 
Dryobalanops aroamtica were distributed only on upper slopes or ridges of sandy soils, 
while D. /anceolara were found in a variety of soil and topographic conditions, such as 
valleys of sandy or clay soils as well as ridges of heavy clay soils (Hirai et al. 1995, 
Matsumura 1994). They specul;llcd that soil moisture condition was the most important soil 
factor which innuenced the distnbutions of the two Dryobalanops. The restriction of D. 
/anceolara distnbution on the southeaste side of the plot (Fig. 4. I) was probably because 
only that the area" as co,ered by clay-rich soils. while the other pan was mostly covered by 
sandy soils (Palmiono 1995). lt is likely that topography and soil, therefore, have an interactive 
effect on the distribution of the two Dryobalnaops, and topography shows clear effects 
within the same soil type. 
The results suggest that D. aromatica and D. lanceolara are coexisting in the study 
























































































and topography may have a complex imerrel:ttionship. This would allow their spatial patterns 
to be more or less wtble on a local scale, and the highly heterogeneous topography and soi l 
of the study forest (Yamakura er al. 1995a, Palmiouo 1995; see also Chapter 2) then takes an 
important role in maintaining their coexistence. 
The segregated distributions of saplings and poles of D. aromarica to large trees (Table 
4. 2) suggest that D. aromarica has some density-dependent or distance-dependent seeds or 
seedling mortality (Janzen 1970, Connell 1971) as is found in some tropical rain forest 
species (Augspurger 1983a, b, Clark & Clark 1984). The scale of juvenile inhibition(< 7.8 m 
x 7.8 m), however, seems too small to effectively maintain species richness in the local 
community, because the diameters of emergent trees in the forest were usually larger than 15 
m. On a small scale (ea. < I ha), spatial distributions of the two species, especially those of 
juveniles, may be influenced more by reproductive features of each species such as fruiting 
frequency, seed dispersal, seedling establishment and growth of established juveniles (Whitmore 
1984). The aggregated distributions of saplings and poles to large conspecific trees are 
probably caused by inadequate seed dispersal, which wiiJ be shown in the next chapter. 
Details of spatial distributions on the small scale will be discussed in the next chapter. 
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CHAPTER 5 
FACTORS INFLUENCING SMALL SCALE SPATIAL PATTERNS 
INTRODUCTION 
In the previous chapters I showed that Dryobalanops aromarica and D. /anceolara were 
distributed seggregatedly in relation to topography and soils in the large scale of whole 52-ha 
plot in the study forest (Chapter 4), and that they predominated the main forest canopy in 
patches in the smaller scale (== I ha) (Chapter 3). The dominance of Dryobalanops, however, 
was not so extreme as other dominant species in tropical wet forests; the species diversity of 
the canopy trees in Dryobalanops dominant stands was comparable to that of non-dominant 
tropical rain forests in the same region (Chapter 3; see also Hart er al. 1989, Connell et al. 
1989, Kachi et al. 1993, Richard 1954). 
The aims of this chapter are 1) to compare the stand structure of the patches in which D. 
aromarica and D. lanceolara were predominant, 2) to estimate the regeneration process of the 
two species and 3) 10 estimate the factors influencing their regeneration and spatial patterns 
in this small scale. I established two 1.6-ha subplots where respective species were predominant 
in the 52-ha plot. The spatial relations between their juvenile distributions and four site 
factors (i.e. forest floor light condition, local tree density, total basal area and distance from 
mother tree) were analyzed within these subplots. Mechanisms of the intermediate canopy 
dominance by the two Dryobalanops are also discussed. 
METHODS 
Census of juvenile distributions 
Inside the 52-ha plot mentioned in Chapter 3, two 1.6-ha subplots (100 m x 160 m) were 
chosen to include many Dryobalanops trees (Fig. 5.1 ). One plot (Plot L), which had many D. 
lanceolara, was on a gentle slope along a small creek. The other plot (Plot A), in which many 
D. aromarica appeared, included a wide ridge and the upper pan of a steep slope. 
Each subplot was divided into 640 quadrats (5 m x 5 m) by theodrite and compass. All 
trees larger than 1 cm DBH were counted and measured for the DBH in each quadrat. 
Thenumber of trees less than I cm DBH were also counted for Dryobalanops. Individual 
trees of Dryobalanops were categorized into five groups according to the developmental 
stage and DBH, i.e. I) seedling at the primary leaf stage (PLS): individuals which had 
primary leaves on the stem, 2) seedling: DBH <I cm, 3) sapling: 1 s; DBH < 5 cm, 4) pole: 5 
s; DBH < 30 cm and 5) :1dult: DBH ;:: 30 cm. These categories were chosen only for 
convenience, but the lower DBH limit of reproductive trees appeared to be approximately 30 
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Fig. 5.1 Positions of Plot A and Plot L. Shaded areas represent plots for the analy~is ~f the 
relationships bet"-cen juvenile distributions and site f:~ctors (sec text). Open :~nd solid c!reles 
indicate large trees(~ 30 cm DBH) of Dryobalanops lanceolara and D aromanca, respccuvcly. 
Arrows indicate the mother tree for the study of seed dispersal (sec text). 
Spatial pattem of forest floor light enl'ironment 
Diffuse site factor (DSF) (Anderson 1964) was used for evaluation of the forest floor light 
environment. DSF indicates the average condition of a forest floor light envtronment very 
well (Whitmore ec al. 1993). Hemispherical photographs were taken 50 cm above the ground 
at the center of each 5 m x 5 m quadrat with a fisheye lens (:"\'ikon Fisheye Nikkor 8 mm). 
The photographs were taken in a 1.2-ha area of each 1.6-ha subplot (Fig. 5.1 ); a total of 960 
photos were taken in September-October and November 1992 in Plot Land Plot A, respectively. 
The value of DSF was calculated by the manual method of Anderson ( 1964). 
Distribution of newly established seedlings 
To evaluate the seed dispersal patterns, the distribution of newly established seedlings around 
a solitary fruiting tree of each species was studied. The fruiting trees were at least 40 m apart 
from other fruiting conspecific trees (Fig. 5.1). A 80 m x 80 m plot was established around 
each mother tree, and the plot was divided into 5 m x 5 m quadrats (N- 256). ·me number of 
newly established seedlings in each quadrat was counted. The census was carried out in 
March 1991 (14 months after seed dispersal) and November 1992 (4 months after seed 
dispersal) for D. aromarica and for D. lanceolaca, respectively. Since primary leaves auached 
on the seedlings for more than two years (see Chapter 6), newly established seedlings were 
easily distinguished from advanced seedlings by the presence or absence of their primary 
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Small scale spalial pa11ern 
leaves. Because the germination and mortality rates of seedlings did not correlate to the 
distance from the mother trees during the observation periods (see Chapter 6}, the distribution 
pauerns of ne\\ Jy established seedlings were assumed to be affected only by seed dispersal 
Statistical analysis 
To analyze the spatial pauern of the DSFs, a geostatisticaltechniques summarized as a set of 
semivariograms was used (Robenson 1987). The semivariogram is a plot of how the mean 
square deviation changes as a function of distance within the sampled area . 
To evaluate the effects of site factors on the juvenile density, the multiple regression 
analysis was used. Dependent variables were the density of seedlings or saplings in each 
quadrat; four site factors were calculated for each quadrat as independent variables, i.e. 1) 
number of all trees larger than I cm in DBH, 2) total basal area of all trees larger than 1 cm 
in DBH, 3) DSF value at the center of the focal quadrat and 4) the distance from the nearest 
adult Dryobalanops tree to the center of the focal quadrat. The statistical analysis was 
conducted by SYST AT (Wilkinson 1992). 
Stand structure of each plot 
The stem density in Plot A was two times 
denser than in Plot L; but the maximum 
DBH was much larger in Plot L ( 194 
cm) than in Plot A ( 124 cm) (Fig. 5.2). 
The differences in the tree density and 
basal area (BA) were larger in the smaller 
size classes than in the larger size classes 
(Figs. 5.2 and 5.3); the tO!al basal area 
was 12.5 m2/ha and 19.5 m2/ha for trees 
larger than 51 ern DBH, but 18.9 m2/ha 
and 42.3 m2/ha for smaller trees in Plot 
Land Plot A, respectively. These results 
indicated that Plot A wns a very dense 
stand, especially \\ ith abundant small 
trees, but Plot L consisted of very large 
trees with relatively sparse small trees. 
D. aromacica :U1d D. lanceolaca were 
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Fig. 5.2 DBH frequency distirbutions in 
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Fig. 5.3 Total basal area in various DBH 
classes in Plot A and Plot L. 
plot: they occupied 19.5% and 17.3% of 
total basal area of trees larger than 31 
cm DB! I respectively (Figs. 5.2 and 5.3). 
There were abundant juveniles of both 
species including individuals smaller than 
1 cm DBH (Fig. 5.7). 
The between-quadrat autocorrelation in 
the DSFs was strongest in the scales < 
ea. 20 m in both species (Fig. 5.4). The 
correlation decreased with distance within 
this scale, but rather stable in the larger 
scales (ea. 20-100 m). These results 
indicate that the DSFs of quadrats apart 
< 20 m from each other were more similar 
than those of the quadrats fanher apart, 
and that the difference in the DSFs of 
any pair of quadrats apart as far as 20-100 
m was similarly predictable by the 
variance of the whole 1.2-ha area, 
regardless of the between-quadrat distance. Therefore, it was concluded that the DSFs were 
spatially pa11erned across the plots. 
The contour maps of the DSF distribution supported the conclusion of the geostatistical 
analysis (Fig. 5.5). Plot L contained several large patches (ea. 300·400 m2) of strongly 
shaded forest floor (DSF < I %). In Plot A, strongly shaded quadrats were mostly restricted 
to the northwestern side, v. here the slope was gentle; there was a large patch with very bright 
conditions (DSF > 5%) at the center, where a relatively new scar of a small land slide was 
observed. As a result, the forest floor was more shaded on average in Plot L (2.1% OS F) than 
in Plot A (2.6% DSF) (r-test,p < 0.001). 
Distribution of new seedlings around mother tree 
Newly established seedlings of D. aromariea and D. laneeolara showed similar distributions 
(Fig. 5.6). There was no correlation between seedling density and distance from the mother 
trees within 10 m of the mother trees. The density was more or less constant among the 
quadrats which were under the canopy of the mother trees. At a distance of more than I 0 m 
from the mother trees, seedling density decreased rapidly with distance, and negative liner 
regressions were fitted well on a double logarithmic scale. No seedling was found in quadrats 
father than 40 m from the mother trees. 
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Fig. 5.4 Semivariograms of the diffuse site factors in Plot L (e ) and Plot A (0). 
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Fig. 5.5 Spatial distribtuions of forest noor light intensity (o/oDSF) in Plot L (a) and Plot A (b). 
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Fig. 5.6 Relations between the distance from the mother trees and density of newly 
established seedlings of Dryobalarwps /anceolata (a) and D. aromatica (b). Solid lines 
are regression lines on a log-log scale for 0-10 m and > I 0 m from mother trees, 
respectively. 
Spatial pattem of jul'enile distribution 
In Plot L, PLSs were dense near the trees that had fruited within two years before the census 
(Fig. 5.7). Seedlings were abundant in any quadrat within 40 m from conspecific adults. The 
mean density of seedlings was highest ,.,ithin 5 m of the nearest conspecific adult, and 
decreased with distance (Fig. 5.8). By contrast, few saplings and poles were found under 
canopies of con specific adults (Fig. 5. 7). The mean density of saplings and poles had a peak 
of 15-20 m (Fig. 5.8). The peak of frequency shifted outward as the size increased; the peaks 
were at 5-10 m, 15-20 m and 15-25 m for seedlings, saplings and poles, respectively. 
In Plot A, PLSs were not so abundan t as those of D. /anceolata in Plot L (Fig. 5.7). They 
were not necessarily most abundant at the nearest quadrats to conspecific adults, though the 
mother trees were not identified. Seedlings were widely distributed all over the plot; the 
density was not highest at the nearest distance interval (< 5 m) but a distance of 5-10 m (Fig. 
5.8). The disrribution of saplings was more patchy; there were few saplings on the nonhwestem 
side of the plot, where the slope was gentle and the forest noor was strongly shaded (Fig. 
5.6). The mean density of saplings decreased slightly with distance from the nearest conspecific 
adult; that of poles had a low peak at 15-20 m (Fig. 5.8). The peaks of frequency were 5-I 0 
m for seedlings and saplings, and I 0-15 m for poles. 
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Fig. 5.8 Relations between the distance from the nearest conspecific adult and density 
or frequency of seedlings (0: DBH < 1 cm), saplings (e : 1 ~ DBH < 5 cm) and poles 
<•: 5 ~ DBH < 30 cm). The distance was categorized into 5-m intervals; each point 
was plotted at the midle of each 5-m interval. The upper figures show the total area (m2) 
of each distance interval in the 1.6-ha plot. 
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Relations/tip between ju••enile distribution and site factors 
Table 5.1 shows the results of a multiple regression analysis between seedling or sapling 
density pre quadrat and four site factors. The quadr:us \\ ith more than 5% DSF were excluded 
from the analysis. This is because such quadrats often occurred in places which had recently 
been strongly disturbed by a land slide or a large tree fall, and included very few trees. BA 
and DSF were log-transformed, and NL T was root-transfonned for normalization. The 
frequency distributions of all site factors were no different than the nonnal distribution in 
both plots after the transfonnation (F-test, p > 0.1 ). 
The seedling density of D. lanceolara correlated significantly only to 1\LT (Table 5.1), 
implying that its spatial distribution was affected only by the positions of mother trees and 
the seed dispersal pauern (see Fig. 5.6). By contrast, the seedling density of D. aromarica 
correlated positively to DSF, and negatively to BA as well as to NLT. That is to say, its 
seedlings tended to be more dense at the quadrats with larger DSF up to 5% and smaller BA, 
if the distance from the nearest adult was the same. The density of saplings correlated positively 
to DN, and negatively to BA for both species. Since D:-.J and BA positively correlated to each 
other in both plots (r = 0.233 and 0.254, p < 0.0001), the opposite correlations to these site 
factors suggest a strong tendency for their saplings to have been distributed in the quadrats 
with higher DN and smaller BA. In other words, the quadrats with many small trees but no 
large trees. The effect of NL Ton the sapling density was significant for D. /anceolara but 
Ta ble 5. 1 Results of multiple regression analysis between Dryobalanops juvenile 
density and four site factors. PCC: partial correlation coefficient; MCC: multiple 
correlation coefficient. DN: density (No./ 25 m2 quadrat) of rrees ~ I cm DBH; BA: 
total basal area (m2 /25 m2) of trees~ I cm DBH; DSF: diffuse site factor(%) at the 
center of focal quadrat; NL T: distance (m) from the nearest adult Dryobalanops 
(DB I!;?: 30 cm) to the center of focal quadr:n. 
DB! I class (cm) PCC 
DN BA DSF 
Dryobalanops aromarica 
- I' -0.019 -0.202t 0.098"' 
I - 5 0.255t -0.110• 0.0-11 
Dryobalanops lanceolara 
- )' 0.053 0.042 0.063 
I - 5 0.369t -0.1 08* -0.028 
* 
excluding seedlings at the prymary-leaf swge. 
significant at p < 0.05 
t significant at p < 0.001 
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in$ignificant for D. arommica This ,.,as probably due to the difference in their adult 
distributions; the adult distribution was more clumped at the ccntcr of the plot forD. lanceol:ua, 
but spread widely across the plot for D. aromarica (Fig. 5.7). 
DISCUSSION 
Regeneration processes of two Dryobafanops 
The regeneration processes of the t,.,o Dryobalanops species were estimated from the results 
as follows: 
The distance of seed disper~al ,.,as not long(< 40 m) for either species; they accumulated 
dense seedling populations or seedling banks all over the seed-dispersal area, suggesting that 
gap formation may not be required for their seed germination, seedling establishment and 
survival at least as long as the fruiting interval. However, the positive effect of DSF on the 
density of D. aromQfiCa seedlings (Table 5. I) suggests that its germination, establishment 
and/or survival may be better in gaps than in the shaded forest floor. 
By contrast, the spatial distnbution of saplings may be strongly affected by the gap 
formation for both species. A high density of saplings ''as correlated to the local stand 
structure\\ ith many small trees but no large trees (Table 5 I). Such places are most likely to 
represent the patches of late 'gap phase' or early 'building phase', where many small trees are 
colonizing and growing after gap formation (\Vhitmorc I 984, Yamakura et al. 1986). The 
strongly clumped distributions of saplings restricted to such places imply that their seedlings 
were suppressed under a shaded forest floor and would be released by a gap formation 10 
grow rapidly. Gap formation must therefore be necessary for completion of the regeneration 
of the two Dryobalanops, though it is not for accumulation of the seedling banks. 
For successful regeneration of D. aromarica and D lanceolata, rapid recovery of juveniles 
from physical damage may be essential, because it is difficult for their advanced seedlings or 
saplings to avoid physical damage at the time of gap formation. Most of the seedlings or 
saplings may experience physical damage at an early stage of regeneration, before they 
mature (Ohkubo et al. 1995b). Seedlings of dipterocarps generally have a high capacity for 
shoot reiteration, but the capacity becomes weak as they grow into mature trees (Ashton 
1988, 1989). More studies on the capacity and process of seedling/sapling recovery from 
physical damage are required on the species level. 
The estimated regeneration processes were generally sim1lar for both species in spite of 
the large differences in topography, soils, and stand structure of the forests in which they 
were predominant, although these regeneration processes should be considered hypothetical 
because they were estimated only from the static data of their population structure. It must be 
evaluated by further study on their population dynamics. To evaluate the early phase of these 
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estimated regeneration pr<>ecsseo;, seedling dynamics ,.,.ill be covered in the following chapters. 
Factors affecting small scale spatial pattem 
The spatial distributions of D. aromarica and D. lanceolata were most likely to be determined 
by topography and soil in the scale of the whole 52-ha plot (Chapter 4). In the smaller scale 
(i.e. 1.6 ha), however, topography and soil may not be important in determining their spatial 
distributions, because their juveniles were not clumped positively with conspecific adults 
(Figs. 5.7 and 5.8). Rather, seed dispersal and very local stand structure related to gap 
dynamics may have more of an effect on the spatial patterns at this scale (Table 5.1 ). 
The distributions of larger juveniles had a peak at some distance (I 5-25 m) from conspecific 
adults (Fig. 5.8). This suggests that regeneration of the two species may be prohibited near 
conspecific adults, as was hypothesized by Janzen ( 1970) and Connell ( 1971 ), and was found 
for some rain forest rrees (e.g. Auguspurger 1983a,b, 1984a; but see Clark & Clark 1984). 
Table 5.1 indicates, however, that thiS may nor be caused by distance- or density-dependent 
mortality, which were predicted by the Janzen-Connell model, but probably by the effect of 
gap formation. Therefore, they may nm be able to regenerate under the canopy of large trees 
even at places far from conspecific adults. It is possible that they regenerate in a proper gap 
even though it was created near con~pecific adults (cf. Ashotn & Hall 1992). This result 
shows the importance in taking account of the o'erall tree distributions in evaluating the 
distance- or density-dependence in the regeneration of a certain tree species (cf. Kohyama et 
al. 1994). 
Intermediate dominance of Dryobalanops 
Whit more ( 1984) hypothesized th:lt 'regeneration pressure' was the cause of the canopy 
dominance by D. aromatica in a :'o.lala)an rain forest. He suggested that 'there were more 
likely to be small (D. aromatica) indi,iduals awaiting release of it than m her species' due to 
its relatively frequent fruiting and high shade-tOlerance (see also Kachi er al. 1993). The 
denser seedling populations of D. aromatica and D. lanceolata among the canopy seedling 
species in the predominant stands support this hypothesis. The predominance of the two 
species was probably at least partly dependent on their ability to maintain a persistent seedling 
bank under the forest canopy. Their canopy dominance was intermediate(< 30%), however, 
as many other canopy species were coe,isting in the local stands (Chapter 3). The important 
role of gap fonnation in their regeneration might be responsible for preventing them to 
dominate the whole canopy. 
The effect of gaps on the spatial distribution pattern might be different among coexisting 
canopy species (cf. Kohyama et al. 1994, Mukhtar et al. 1992, Suzuki & Kohyama 1991). 
Some species may be more dependent on gap formation for their regeneration than others. If 
the two Dryobalanops require relatively large gaps, hence bright conditions, for the release 
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of suppressed jtl\eniles. other species \\hich can grow in more shaded conditions would be 
more competiti\'e under canopies of brge trees. Dryobalanops may not regenerate without 
large gaps. e"en though they ha\'e more seedlings :1\\ aiting under the forest canopy. Occurrence 
of proper size gaps may be infrequent for the two Dryobalanops to dominate the whole 
canopy in the study forest. To evaluate this hypothesis, it is necessary to study the gap regime 






Tropical rain forests of West Malesia are dominated by various species of Dipterocarpaceae 
in a sympatric manner (Ashton 1982, Whitmore 1989). Previous studies have shown that 
many dipterocarps share general features in their regeneration processes (reviewed in Ash ton 
1982, 1988, 1989, Whitmore 1984, 1989). However, there have been only a few quantitative 
field studies on the seedling demography at the species level (Burgess 1969, Fox 1973, 
Turner 1990). 
Species-specific differences in regeneration processes, or differences in regeneration 
niche, are one of the important mechanisms for maintaining species richness in tropical rain 
forests (Gru bb 1977). Even a number of tree species which share the same ecological requirement 
at maturity could coexist if they have different requirements at their juvenile stages. Another 
possible mechanism promoting the tree diversity is the escape hypothesis (Janzen 1970, 
Connell 1971 ). Remarkably high mortality of seeds or seedlings near mother trees, where the 
seed and seedling densities are mostly high, prohibits a certain species from dominating the 
forest, thus promoting the species diversity. Such distance- and density-dependent seed or 
seedling mortality has been found in some neotropical tree species (e.g. Augspurger 1983a, 
b, 1984, Augspurger & Kelly 1984, Clark & Clark 1984), however few studies have been 
conducted in Malesian rain forests (Chan 1980). To understand the high diversity of dipterocarps 
in the forests of west .Malesia, further studies on seedling dynamics at the species level are 
necessary. 
The analysis of population structures of Dryobalanops aroamtica and D. lanceoalta in 
the study site (Chapters 3, 4 and 5) suggested the importance of seedling banks for their 
regeneration and maintenace of their populations. Therefore, it is necessary to clarify the 
seedling dynamics of the two species in the natural conditions to understand the regeneration 
processes and the mechanisms of their coexistence. In this chapter, their seedling survivorship 
and growth were studied for 2.5 years after mass fruiting. Two other dipterocarp species, 
Dipterocarpus acrangulus Yesque and Dipterocarpus globosus Vesque, were also studied by 
the same methods in order 10 make the features of Dryoba/anop as a genus more clear. The 
subject of this chapter is to analyze (I) quantitative differences in seedling mortality and the 
mortality factors among the four species 10 evaluate their regeneration niche divergence and 
(2) the effects of distance from mother trees and initial density on the mortality of seeds and 
seedlings to test the escape hypothesis. I also discuss the relationships between the obtained 




STUDY SPECIES AND METHODS 
Study species 
Here, I describe all the stud) species brietly, though details of the two Dryobalanops were 
already mentioned in Chapter 2. 
Dryobalanops aromatica Gnerln. f 
This species is dismbuted in the ~1alay Peninsular, Sumatra and Borneo. It always grows 
gregariously where it occurs, and often dominates the canopy and emergent layer (Ashton 
1982, Whitmore 1984). This was the most abundant canopy species in a 52-ha permanent 
plot established in the study forest (Chapter 3). It was more abundant on sandy ridges, where 
it predominated the canopy very locally, than in clayey valleys in the Sllldy site (Chapter 4). 
Seedlings and saplings were abundant around the mature trees, especially in less shaded 
places (Chapter 5). 
Dryobalanops lanceo/ata Burck 
This Borneo-endemic species was less common than Dry. aromGiica in the study forest, and 
mostly restricted on clayey soils (Chapter 4). However, it was often gregarious and predominated 
the canopy very locally where it occurred (Chapter 3). Seedlings and saplings were very 
abundant around the mature trees even under deep shade (Chapter 5). 
Dipterocarpus globosus Vesque 
This species is distributed only in northern Borneo. In the 52-ha plot, this was the second 
most abundant canopy species (Chapter 3) tending to be gregarious and more abundant on 
sandy ridges. Many seedlings were found around the mature tree, but they were not so 
abundant as those of the two Dryobalanops; there were usually few large saplings(> 3 m in 
height) under a closed forest canopy. 
Dipterocarp11s actangulus Vesque 
This species is distributed in the Malay Peninsular and Borneo. In the 52-ha plot, it was less 
common than the other three species, and mostly found on sandy ridges. Several seedlings 
were frequently found around the mother trees, but were rarely abundant and mostly restricted 
to ridges, where the forest floor was less shaded. Though the mature trees and fruits were 
easily distinguished from those of Dip. globosus, the juvenile morphology of the two species 
was very similar and sometimes difficult to distinguished. 
All the species produce large one-seeded wind-dispersed fruits with long sepal-wings 
(referred to as "seeds" throughout this paper). The seeds have no dom1ancy and germinate 
- 46 -
Seedling d}namics 
immediately after dispersal. Germination is epigial in Dryobalanops, but hypogeal in 
Dip1erocarp11s. 
In the study forest, all tht.: species except Dry. arom01ica fruited heavily in December 
1990, while Dry. aromanca fruited moderately in the same year. The two Dryobalanops 
fruited hea\ ily again in September 1991, but the majority of fruiting individuals were different 
from those that fruited in the pre\ious year. All four species fruited again in August 1992, 
when many other dipterocarp and non-dipterocarp species in the forest fruited simul taneously. 
Seedling surl'ii'O! and growth 
For each species, single fruiting tree which was at least 40 m apart from other frui ting 
conspecific trees was selected in closed forest understorey (for Dry. lanceolata, two trees 
which fruited in 1990 and 1991 respectively). Another fruiting tree was selected beside a 
treefall gap for each species of Dryobalanops. Study quadrats (1-2m2 in size) were established 
within one month after seed dispersal, but three months after for Dry. lanceol01a in the gap. 
Descriptions of the quadrats are summarized in Table 6.1. In the understorey sites, the 
quadrats were placed to spread over 20 m from the base of the chosen trees, nOt at random 
bu t where relatively many dispersed seeds were found in each distance range. There was no 
other conspecific adult tree within the area where the quadrats were placed. The quadrats in 
the gap sites were placed near the center of the gaps. I did not measure the gap size, instead 
useing the diffuse site factOr (DSF) (Anderson 1964) to evaluate the light condition of each 
quadrat. DSF indicates the average light condition better than the gap size, especially for 
small gaps (Whitmore e1 al. 1993). During September and December 1992, hemispherical 
phOtographs were taJ..en at the center of each quadrat 50 cm above the ground with a fish-eye 
lens (Nikon Fisheye Nikkor 8 mm f/2.8), and DSF was calculated by the manual method of 
Anderson ( 1964). 
All mature seeds in the quadr:m were labeled by putting numbered aluminum tags into 
the ground, and their positions were mapped on section papers. Since most fruits were 
dispersed within 30 m from the base of a mother tree for all species (personal observation), I 
assumed that all seeds in the quadmts had been dispersed from the selected trees. Most of the 
intact seeds had already germinated at the time of the quadrat establishment. At the fi rst 
census, the number of dead seeds were counted, and their germinarion was checked based on 
the emergence of the radicles. Marked individuals were monitOred for germination, development 
and survival at irregular intcn :tls of ten days to nine months. Because the seeds were large 
and were usually on litter, I was able to obsen·e germination and seedling development 
easily. Heights of all surviving seedlings were measured to nearest 1 cm. Leaves on seedlings 
were numbered indi' idually with a paint marker at every visit, and the production and loss of 
leaves were monitOred. 
Mortality factors were classified into six categories based on observation of dead seedlings 
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as follows: I) insects: seedlings whose stem, le:wes and/or cotyledons were badly damaged 
with insect bite~. 2) vertebrates: seedlings which disappeared or were destroyed completely, 
3) up-rooted: seedlings "hose root failed to reach mineral soil without any sign of other 
-
damage, 4) fallen branches: seedlings which were under fallen branches 5) standing dead: 
c: 
0 C"' C"' C"' seedlings which were standing intact with wilted leaves, and 6) unidentified: seedlings which 
..... E 0\ 0\ 0\ 0\ 0\ 0\ 0\ 0 
.c 0\ 0\ 0\ 0\ 0\ 0\ 0\ 
0 ., were killed by unknown factors. ~ ::0 c ~ c. c. c. c c 0 
"' "' ~ 
0 0 0 
"' "' -;;; ...... Cl) Cl) Cl) ....... ...... ., 
0 e ~ Predispersal seed predation by insects 
0 
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>. 0 8. 
..... 
..... 
.c 0.. 0 0.. >. >. >. .9 .9 0 0 were collected near the base of fruiting individuals in September 1991 and/or August 1992. I 
"' ~ ~ 0 "' 
., 00 00 '5 biJ <a -; ~ ... ... "0 "0 0 could not find newly fallen seeds of Dip. acrangulus in 1991 and 1992. All the seeds were 8. 0 0 ·c: ·c: > > > 0.. 0.. ~ 
0 0.. 0.. 
-5 cut, and insect predation was checked. !-< ::1 ::1 
>. g 
"0 ... 
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"' 
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e- ... 0 
"' 
"' 
0 ::1 from the base of the trees. All dispersed seeds were removed from the quadrats prior to the ~ .0 ..... E C"' 0 0 \(') 0 0 ..... N 
-
:0 0 ::1 experiment. The number of remaining seeds "as counted every other day over one week. 
.§. z ..... 0 
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"' 
,........ 0 
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0\ ~ 0 0 ... ... 0 Insect predation rates of newly fallen seeds were much higher in Dip. globosus than two ~ u 0 0 0 0 0 u '0 "U '0 '0 '0 c: 
"' 
c: c: c: c: c: 0 Dryobalanops (Table 6.2). Predators observed were mostly larvae of unidentified weevils 
::1 ~ ~ ~ ~ ~ "' ... 0' 0 
0 '0 (Curculionidae) and moths (Lepidoptera), and in a few cases unidentified tiny bark beetles 
-5 c: ~ 
.... 
......... (Scolytidae) . 0 ~ !::! ~ ... 0 
"' ~ 0 c: !::! .::: ::s u ::0 The mean rates of postdispersal predation by vertebrates were 17 and 9% for Dry. 
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"' ~ u ·;;; "' 0 0 !::! 00 !::! 0 (r-test, t = 2.1 0, p = 0.426). Pred:Hion rates were higher in the quadrats beyond 20 m from the u ·u ..., ..., ~ ~ 0 0 8. ~ ~ "' c: ~ ~ ~ ::1 "' mother tree, where the qu.tdrats were located in small gaps for both species (Fig. 6.1 ). Thus, Cl) :;: :;: ~ ;; ~ ~ !::! !::! :a '0 
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.. Same lcuers indic:uc insignificant differences (p > 0.05) by X 1-tcst. 
10 










• Dryobalanops lanceolata "' 4 
..... (r5 = ·0.692' ) 0 
\., 
u 
.0 0 Dryobalanops aromacica E 2 
:J (r5 = -0. 125) z 
0 
0 10 20 
Distance from mother tree (m) 
Sampling 
date 
30. Aug. 92 
7.Sep.91 
19.Scp.91 
31. Aug. 92 
21. Aug. 91 
30. Aug. 92 
30 
Fig. 6.1. Number of seeds remaining one week after the 
start of the postdispersal predation experiment of two 
Dryobalanops. r : Spearman's rank correlation coefficient; 
s 
*: significant at p < 0.05 . 
Sunoil•a/ of seedlings 
Compared to the two Dryobalanops, the two Diprerocarpus had lower germination rates 
(Table 6.3). The proportions of seedlings which survived to open primary leaves and shed 
cotyledons were also lower in the two Diprerocarpus. 
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Table 6.3. Proportions(%) of seeds or seedlings reaching various development stages. 
Fruiting Development stage 
Species Site year MS' GS' SP 
Dryobalanops lanceolara understOrey '90 100 (536) 66.2''' 42.4' 
understorey '91 100 (177) 77.4be 60.0b 
'90 100 (213) . .. 40.4' gap n.a. 
Dryobalanops aromarica understorey '91 I 00 (379) 83.9b 64.4b 
gap '91 100 (225) 73.8. 44.4' 
Dipterocarpus globosus understorey '90 I 00 (355) 56.6d 10.7. 
Dipterocarpus acrangulus understorey '90 100 (669) 30S 8.2· 
Development stages: MS: dispersed mature seeds (sample size in parentheses); GS: germinated seeds; SP: 
seedlings open primary leaves and shed cotyledons. 
• including seeds which had died at the Lime of first census. 
.. Same leuers indicate insigmlicant differences (p > 0.05) among cohorts by i· t.csL 
Data not available. 
For all species, mortality rates were higher until 3-7 months after seed dispersal than thereafter 
(Fig. 6.2). These high-mortality periods roughly coincided with the periods before all seedlings 
had shed their cotyledons (hereafter "cotyledon phase"), although the exact dates of the end 
of the phases could not be determined because of the long census intervals during the period 
3-7 month after seed dispersal. Mortality rates became lower and more or less constant 
during the later periods after the census date, when all seedlings had shed cotyledons (hereafter 
"seedling phase"). 
In the understorey, the mortality rates during the seedling phase, which were evaluated 
by the incline of the regression lines in a semi-logarithmic scale (Fig. 6.3), varied among the 
species; larger for Dip. acrangulus (34 %/yr.), intermediate for Dry. lanceolara (15-16 %/yr.) 
and Dry. aromarica ( 17 %/yr.), and smaller for Dip. globosus (6 %/yr.). Dryobalanops 
aromarica had a significantly lower mortality rate in the gap (4 %/yr.) than at the understorey 
(F = 49.6, p = 0.0004), however Dry. lanceolara showed similar mortality rates both in the 
gap ( 17 %/yr.) and in the understorey (F = 0.770, p = 0.392). 
Factors of seedling mortality 
Mortality factors of seeds and seedlings that had died before the f1tst census could not be 
specified because most of them were already decaying. Relative importance of various factors 
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Years from the beginning of seedling phase 
F ig. 6.3. Survivorship of seedlings of four dipterocarps during the seedling phase (see text for the 
definition of the phase). n = initial number of seedlings. Solid lines indicate calculated linear regressions 
in a semi-logarithmic scale: Dry.lanceolaJa : (e ) y = -0.071x + 2.0, / = 0.969; (+) y = -0.075x + 2.0, ? = 0.952; (o) y 
= -0.082x + 2.0, r2 = 0.972; Dry. aromatica: (e ) y = -0.083x + 2.0, ? = 0.996; (0) y = -0.017x + 2.0,? = 0.891; Dip. 
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Fig. 6.4. Relative importance of various mortality factors for seedlings of four 
dipterocarps during the cotyledon phase (Cl) and the seedling phase (Sd) (see 
text for the definitions of the phases). Ungenninated seeds were excluded from 
the analysis. Numerals above each columns show the total numbers of dead 
seedlings. n.a.: data was not available due to the lack of census during the fi rst 
three months. 
died before the first census) and the seedling phase is shown in Fig. 6.4. Since the exact dates 
when all seedlings had shed cotyledons could not be determined, the data during the last 
interval in the cotyledon phases was excluded from the analysis. 
For all species, the important identifiing mortality factors during the cotyledon phase 
were up-rooted and predation by vertebrates and insects, though the mortality factor could 
not be specified for many cases. Since predators attacked only cotyledons in most cases, 
occurrence of predation was few (0-1 in each species) after the seedlings shed cotyledons. In 
the seedling phase, the majority of dead seedlings were killed by fallen branches or were 
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Fig. 6.5. Seedling growth of four dipterocarps: mean he.ight (left) and ~can cumulative leaf 
production (right). All values were calculated for the seedlings that ':"c~e ahvc at ~c la~t ~nsus 
(n = number of seedlings). Vertical bars indicate standard dcvtatwn~ .. Astensk .md1cates 
significant! difference (Hest, p < 0.01) between understorcy and gap w1thm a spcc1cs at the 
census time. 
Distance and density dependence of mortality 
To analyzc the dis1ance and densi ty dependent mortality, I calculated Spearman's rank 
correlation coefficients (r,) for the quadrats of the understorey sites (n = 21 for Dry. lanceolara 
and I 0 for the other species). At first, mortalities in the cotyledon and seedling phases were 
analyzed separntely, because the mortality rates and fac tors were very different between the 
two phases. No correlations were significant for all species and phases (r, = -0.46-0.48, p > 
0.05). Regarding total mortality (the cotyledon phase + the seedling phase), no species 
showed significant correlations to distance or density (r, = -0.04-0.34, p > 0.05). 
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Growth of serdlings 
Seedlings of the four :.pccies grew liule in the understorey after the initial rapid growth when 
they used the reserve stored in the seed (Fig. 6.5). In the gaps, leaf production of the two 
Dryobalanops "as continuous, and about three times beuer than that at the undcrstorey at the 
last census. At the beg1nning, Dtyobalanops seedlings in the gaps were significantly smaller 
in height than those in the understorey. They caught up and surpassed the understorey 
seedlings afteN·ards. 
Only a few leaves were lost during the study period (Dry. lanceolara in understorey: 1.2 
(mean) ± 0.12 (S.E.) leaves/seedling, Dry. lanceolara in gap: 2.7 ± 0.35, Dry. aromatica in 
understorey: 0.3 ± 0.06, Dry. aromarica in gap, 0.9 ± 0.20, Dip. globosus: 1.5 ± 0.26, Dip. 
acrangulus: 1.0 ± 0.18). Main leaf mortality factors were physical damage by limb or liuer 
fall and herbivory by insects. The majority of primary leaves were still auached at the last 
census regardless of species and sites, suggesting a longer leaf life span than two years. 
For all species, the mean number of produced leaves by the seedlings which were alive at 
the time of the last census was positi,ely correlated to the d1ffuse site factOr of the quadrats 
where they had grown (Fig. 6.6). 
DISCUSSION 
Seed and seedling dynamics of the four dipterocarp species \vere quantitatively d1fferent even 
within the pairs of congeneric species, whose juvenile morphology appears very similar. This 
result suggests that they have diverged in their regeneration niches and that these differences 
may affect the strucwre of the seedling community in the study forest. 
Relations of seedling dynamics to seedling populations 
The most interesting finding of this study is that the observed seed and seedling dynamics are 
consistent with the seedling population densities of the four species in the study forest. Dip. 
acrangulus, which had the lowest seedling population density among these species, showed 
the lowest germination rate, low survival during the cotyledon phase, and the highest mortality 
rate during the seedling phase. The highest seedling population densities of Dry. aromarica 
and Dry. lanceolara are consistent with the higher germination rates and the relatively low 
seedling phase mortality in the underswrey. The intermediate seedling population density of 
Dip. globosus is also consistent with the comparatively low germination rate and the lowest 
seedling phase mortality, which may compensate the low germination. 
The difference in the seedling phase mortalities of Dry. aromarica and Dry. lanceolata is 

























































Diffuse site factor (%) 
Fig. 6.6. Relationships between the mean total leaf production and diffuse site 
factor of each quadrat for seedlings of four dipterocarps. Leaf production was the 
mean value of total number of produced leaves during a 32-month period (22-
month for Dry. aromatica) by the seedlings that were alive at the last census. Filled 
circles are quadrats in understorey. Open circles are quadrats in gaps. Correlation 
coefficients (r) were calculated from pooled data of understorey and gap for two 
Dryobalanops. Significance level: *p < 0.05; ** .p < 0.01. 
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density of seedling population of Dry. lanceolaw correlated significantly only to the distance 
from adult trees, "hlle that of Dry arommica had a positive correlation to the light intensity 
of the forest floor as well (Chpatcr 5). These situations probably reflect the different and 
indifferent seedling pha!ie sun i\'al between the understorey and the gap for Dry. aromarica 
and Dry. lanceo!:.Jw, respectively. The initial spatial p;utern of established seedlings, which is 
positively correlated to the distance from the fruited adult trees (Chpater 5), would be maintained 
for a long period in Dry. /ancolara; in Dry. aromatica, howe\'er, 11 v. ould be changed 
gradually depending on the light conditions v. hich are affected by the occurrence of gaps. 
More dense seedling populations of Dry. aromatica would then be found in less shaded 
places. 
Effects of predation on seedling dynamics 
During the period from germination until all seedlings had shed the cotyledons (cotyledon 
phase), seedling survival was largely influenced by various kinds of predation. The germination 
rates were probably determined mostly by the predispersal seed predation (Tables 6.2 and 
6.3). Some of the dispersed seeds may have been damaged by vertebrates on the forest floor 
before they germinated (Fig 6.1 ). For germinated seeds, predation by insects and vertebrates 
\a,•as an important monality factor in all species studied, though large proportions of mortality 
factors were unidentified (Fig. 6A). As is mentioned in Chapter 8. root predation in the liner 
and soil, ,.,.hich ,.,as not checked in this study, was the major mortality factor of Dry. 
aromarica and Dry.lanceo!ata during the period from germination to primary leaf produclion. 
Thus considerable number of seedlings which died from unidentified factors were probably 
killed by root predation, at least for the two Dryobalanops. The survivorsh1p at th1s phase, 
therefore, was affected not only by one specific t) pe of predation but by various J...inds of 
predation. 
Moreover, the relative importance of each predation was not the same among the four 
species; for example, predispersal predation rates were lower in Dip. globosus and possibly 
in Dip. acrangulus, which had the lowest germination rate, than in the two Dryobalanops. 
Therefore, differences in density and activity of each pred:uor may affect the cotyledon phase 
survival of these species differently. 
The density of mammals in the study forest was lower than other lowland rain forests in 
Malaysia possibly due 10 hunting pressure, as well as the rarity of fruit trees which vertebrates 
favor, such as Ficus spp. (Watson 1985). The relatively low predation rates (9-17%) by 
vertebrates found in the two Dryobalanops were likely due to this low mammal density. In 
the Malay Peninsular, about 90% of Dry. aromarica seeds were damaged by rodents on the 
forest floor of a plantation (Kachi et al. 1993). l\1any Dry. lanceolara seeds were also 
observed being eaten by wild pigs in East Kalimantan (Y. Okimori, personal communication). 
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Under this low vertebrate preda tion, the two Dryobalanops should have an advantage 
over the Diptaocarpu~ in terms of seedling establishment because the probability of 
establishment largely depends on the predispersal predation ratcs, which were lower in the 
two Dryobalanops (Table 6.2). Under a higher vertebrate density, hence severe vertebrate 
predation, however, more Dryobalanops seeds would be damaged by venebrates before they 
are established, even though they can escape from predispersal predation. On the other hand, 
establishment of the two Dipterocarpus may be less affected because a majority of the seeds 
which would be eaten by vertebrates may have already been damaged by insects if the 
vertebrates consume dispersed seeds regardless whether the seeds have been infected with 
insects or not. Thus, the advantage of the two Dryobalanops over the two Diprerocarpus may 
be lessened under severe vertebrate predation. Dirzo & Miranda (199 1) pointed out the 
possibility that differences in herbivorous vertebrate density affec the structure and diversity 
of understorey vegetation in l\1exican rain forests. 
Dwsity- and distance-effect on seedling mortality 
Density- and di<;tance-dependent monality was not observed in any op the four species under 
the conditions examined ( < 20 m from the mother trees and without canopy gaps). This is not 
surprising for the seedling phase because the major mortality factors were fallen branches 
and water stress, both of which may correlate little to the distance from the mother trees and 
the initial density. The interesting fact is, for mortality at the seedling phase, neither showed 
significant correlation 1n spite of the importance of predation at this phase. This suggests that 
the pred:uors did not act density- nor distance-dependently, which is hypothesized in the 
Janzen-Connell model (Connell 197 I, Janzen I 970). Chan (1980) also failed to find significant 
correlations between the seed/seedling survival and the distance from the mOther rree nor the 
initial density for Shnrea leprosula in Peninsular \1alaysia. 
By con trast, the spatial pauerns of seedling mortality, hence seedling distributions, are 
likely to be influenced by the occurrence of gaps. The activity of the predators appeared to be 
promoted in gaps (Fig. 6.1, Shupp 1989), but the seedling phase monality of Dry. aromarica 
was lower in the gap. The positive correlations between seedling growth and light intensity 
(Fig. 6.6) also suggest the importance of forest floor light environment for seedling growth, 
v. hich is largely dependent on the positions of gaps. The degree of the gap influence, however, 
may differ among the four species. For example, the gap affected the mortality at the seedling 
phase for Dry. arommica but not for Dry. lanceolata. In this study, I cannot discuss the 
influence of gaps for the two Dipterocarpus because none of their seedlings was studied in 
gaps. Fun her information about the monality and growth of seedlings of the two Diprerocarpu.s 
in gaps are required. 
In conclusion, though the four dipterocarp species shared general features in seedling 
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demography anti grov.-th, these features were quantit:uively differen t among the species. 
These results suggest that they have diverged in their rege nera tion niches, however the 
differences were larger between species of different genus than those "ithin the same genus. 
It is interesting to note that Dry. aromatica and Dry. /anceolata showed more or less similar 
features in seedling dynamics in spite of the large dtffercnces in the cm ironments \vhere they 
were disrributed (Chapter 5). These results suggest that their similar pcrfonnance in seedling 
dynamics may be the results of different responses to the environment. Experimental studies , 
in which environmental factOrs are controlled, are required to understand the physiological 




SEEDLE\G GROWTH RESPO:'\SE TO 
DIFFERENT LIGHT INTEI\'SITES 
INTRODUCTION 
It was shown in Chapters 5 and 6 that seedlings of Dryobalanops aromarica and D. lanceolara 
did not grow well under the deep shade of the fores t floors, and gap formation was required 
for release of the suppressed seedlings to become large trees. The ligh t level for the release is 
often different among various dipterocarp species, thus the suitable gap size for regeneration 
appears to be different (:-.1ori 1980, Sasaki & :-.1ori 1981, Nicholson 1960, Turner 1989, 
1990a, b). 
Differentiation of optimum light conditions for regeneration among species results in 
different distributions and relative frequency of the species under various regimes of gap 
formation (cf. Brokaw & Sheiner I 989, Dens low 1980a,b, I 984, Den slow et al. 1990). A 
species that needs a large gap may be more prevalent in a forest where large gaps are often 
produced, however less frequent or even non-esistent in a forest where only small gaps occur. 
The stands on sandy ridges, where D. aromatica was distributed, and those in clayey 
valleys, in which D. /anceolata was grown, showed different spatial patterns of forest floor 
light environment in the study site (Chapter 5). Ashton & Hall (1992) suggested that the 
spatial pattern and size of gap formation in the two stands were remarkably different. These 
spatial and temporal dtfferences in light conditions may affect the disrributions and population 
st ructu res of the two Dryobalanops, if there is a remarkable d ifference between the two 
species in the optimum light conditions for regeneration. 
The aims of this chapter are: I) to compare the seedling growth responses of the two 
Dryobalanops in dtfferent light intens11ies by a shnding experiment and 2) to discuss the 
effects of the differen t gap regimes on regeneration and distributions of the two species. 
METHODS 
Shading experimentMature seeds of the two Dryobalanops were collected from under the 
canopy of a mother tree of each species during the 199 1 fruiting period (late September) in 
the study forest. Seed dry weigh t was not significantly different between the species (t-test, p 
> 0.1 , N = 20 per species). Six conspecific seeds were sown in a cylindrical pot (34 cm 
diameter and 20 cm deep) filled "ith peat soil and fores t top soil after their wings were 
detached. Four pots (two for ench species) were placed at the center of every four shading 
chambers ( I m x I m x 80 cm height) and outside of the chambers ('open treatment'). The 
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positions of pots were randomi1ed se,eral times at irregular intervals (1-3 weeks) within 
each treatment. The chambers were co ... ered with black nylon mesh-cloth, and the inside light 
intensity were controlled by changing the number of cloths am.Vor the mesh size to ea. 7%, 
11%, 27% and 48% relative light intensity (RLI) respectively. The RLI was calculated from 
the simultaneous measurement by a pair of photometers (Minolta T-Ill) at 30 min. intervals 
inside and outside of each chamber from 0700h to I800h on 14 January 1992, a fine but 
occasionally cloudy day (Fig. 7 .I b). There were no differences in air temperature among the 
chambers, but the temperature in the open was higher than that in the chambers (Fig. 7 .I a). 
The shading experiment was conducted at the ground of our field house in Miri city, ea. 
20 km north of Lambir, from 23 September 1991 to 22 January 1992 (a 4-month period). The 
pots were well ,.,,.atered two times every day, 0800h and 1600h, throughout the experiment, 
except for rainy days. Height, diameter at the base of cotyledons, number of branches and 
number of produced and lost leaves were measured monthly for all living seedlings. The 
seedlings were harvested at the end of the experiment. All the leaves were photocopied to 
transparent plastic sheets indi' idually, and the leaf area was measured by an automatic area 
meter from the sheets. The seedlings were divided into leaf, stem (including branches) and 
root fractions, dried at 8<1t for 48 hours and then weighed. 
a) Open 
50 Chamber 1 
7 8 9 10 11 12 13 14 IS 16 17 18 
Time 
Fig. 7.1 Daily changes in temperature (a) and light intensity (b) 
in shading chambers on 14 January 1992. 
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Data anttlysis 
The results were an:~Iyzed by :1 two w:~y analysis of variance (ANOV A) with shading and 
species as the two factors using SYSTAT (Wilkinson 1992). Eight largest seedlings in each 
treatment were used for the statistical analysis because several individuals (1-4 in each 
treatment) had died or grown poorly at the end of the experiment. 
The optimum growth model proposed by Hozumi et al. (I 960) was applied for quantitative 
analysis of the relationships between the mean part or total weight and RLI. They formulated 
the effect of 'optimum factor' on plant growth as 
(7.1) 
where IV is mean weight./ is the amount of factor (RLI(%) in this study) and A1 , A2 , and Bare 
coefficients specific to the period of growth. Equation (7.1) gives an optimum curve with 
maximum values of IV (IV,....J,) at an optimum le ... el of/ if.P). The values of f,P, and w-.. are 




W =- I __ 
/llo.U 2 V A I A1. + 8 (7.3) 
Coefficients of Eq (7 .I) were determined by a linear least squ:tres method using a computer 
program wriuen by T. Yamakura in BASIC. 
RESULTS 
The results were summ:trized in Tables 7 .I and 7.2. Shading h:~d a highly significant effect 
on all growth parameters measured. All parameters except mean height were significantly 
different between the two species. Dryobalanops lanceolata grew better than D. aromarica in 
any treatment. The interaction effect of shading and species was significant for growth of 
above ground pans (e.g. leaf weight, ~tem weight, leaf area), but not significant for root 
weight and morphological parameters (e.g. leaf size, T/R ratio, leaf weight ratio, specific leaf 
area). This suggests the two species responded differently to changes of RLI only in the 







Seedling response to light intensity 
Tab le 7.2 F-statistics for the main factors and the interaction term from a 2-way 
ANOY A for various parameters of Dryobalanops aromatica and D. lanceolata 
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significance level: · p < 0.05, ·· p < 0.0 1, 1 p < 0.00 1. 
Table 7.3 Coefficients of the optimum growth curve. Eq (7.1). for leaf. stem. root and total dry weight of 






leaf stem root 
6.40 8.69 14.2 
1.05 X 10 2 7.41 x !0 1 3.98 X 10 1 
-9.23x!O' 0.281 0.641 




4.83 X 10 2 
31.0 
D. aromatica 
stem root total 
11.4 12.8 17.1 4.59 
2.40xl02 2.00xl0 2 1.01x102 6.0lxt0' 
. 0.161 . 1.89 )( 102 0.888 5.58 X 102 
23.3 25.3 41.1 26.5 
All the growth parameters showed a peak at intermediate shading. An optimum curve 
defined by Eq (7.1) fit well and independently to leaf, stem, root and total mean weight of 
each species (Figs. 7.2 and 7.3). The optimum light level decreased for leaf, stem and root 
weight, in that order, for both species. The values of RLI lf.P,) were higher for D. lanceolata 
than D. aromarica in any part and in the total weights. The values of coefficient 8 were not 
much different between the two species for root weight, but smaller for D. aromatica in 





5 10 100 
Relative light intensity(% lux/lux) 
Fig. 7.2 Relationships between relative light intensity and 
seedling dry weight of Dryobalanops aromatica (e ) and D. 
lanceolata (o). Vertical bars indicate standard errors. Solid 
lines are estimated optimum curves formulated by Eq (7.1), 
of which coefficients are shown in Table 7.3. 
more rapid increase and decrease around the optimum values of RLI, hence a more sensitive 
response to changes of RLI in the above ground growth. The significant interaction effects 
found in above ground parts (Table 7.2) were probably due to this species-specific response 
to change of RLI. 
Morphological features of the two seedling species were significantly different, though 
their responses to changes of RLI were similar. The higher values of leaf number, leaf size, 
T/R ratio, leaf weight ratio and SLA for D. lanceolata (Table 7.2) indicate that seedlings of 
D. lanceolata produced more, larger and thinner leaves than did D. aromatica. T/R ratio and 
leaf weight ratio decreased with RLI in both species, suggesting more photosynthetic substances 
were allocated to root in brighter conditions. Specific leaf area of both species also decreased 
with RLI. 
The relationships between height and total dry weight of the two seedling species were 
significantly different, however the difference in those between diameter and weight were 
insignificant (F = 0.003, df = 1 ,76, p = 0.956) (Fig. 7.4). The significantly smaller slope (F = 
8.89, df= 1,76, p = 0.004) of the regression line in the height-weight relation of D. aromarica 
(Fig. 7.4a) suggests that D. aromarica promoted more height growth than did D. /anceolata 
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5 10 100 5 10 100 
Relative light intensity(% lux/lux) 
Fig. 7.3 Relationships between relative light intensity and leaf, stem or root 
weight of Dryoba/anops aromatica and D. lanceolata seedlings. Solid lines are 
estimated optimum curves formulated by Eq (7.1), of which coefficients are 
shown in Table 7.3. 
under suitable light conditions. 
The mean weights of shoot and root did not show a linear relationship on a double 
logarithmic scale (Fig. 7 .5), which is expected from the simple hypothesis of relative growth 
of the two parts. In more shaded conditions than the optimum RLI (fop,), the relationship was 
estimated to be more or less linear for both species. However, in brighter conditions, the root 
weight was kept at a constant level, though the total seedling weight decreased with RLI 
(Fig. 7.2). The shoot weight therefore decreased rapidly with RLI, resulting in a line bent 
around fop•· 
DISCUSSION 
The optimum seedling growth under partial shade, as found in this experiment, has also been 
reponed in some other shade tolerant tropical rain forest species (e.g. Ashton & de Zoya 
1989, Chazdon & Pearcy 1986, Nicholson 1960, Mori 1980, Sasaki & Mori 1981). The 
previously reported optimum light conditions, however, were mostly brighter than those 
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F_ig. 7.4 Relationships between seedling weight and (a) height or (b) 
dtameter of Dryoba/anops aromarica (o) and D. lanceolara (• ). Solid 
lines are linear regression lines on a double logarithmic scale. Data of 
both species were pooled in height for the calculation of the regression 
line due to no significant interspecific differences. 
light conditions for D. aromatica (27% RU) and D. lanceolara (31% RU) may be just 
comparable to, or rather brighter than those found at the center of a medium size gap in 
natural tropical rain forests (cf. Chazdon 1986, Chazdon & Fetcher 1984, Oberbauer er al. 
1988, 1989, Raich 1989, Smith er al. 1992, Whitmore er al. 1993, see also Chapter 4). 
Therefore, light levels may rarely be excessive on the forest floors for D. aromarica and D. 
lanceolata seedlings, except in extraordinarily large gaps produced by landslides or logging. 
The species-specific responses within lower light levels are probably more meaningful than 
the optimum light levels in considering their ecological features at the seedling phase. However, 
since light level increases rapidly with height from the ground (Kira & Yoda 1989, Smith er 
al. 1992, Yoda 1974), growth responses to brighter light levels may also be important for the 
growth of larger individuals or saplings. 
The most remarkable difference in responses to RLI was the promoted height growth of 
D. aromarica, especially under suitable conditions. Similar differences were observed in 
two-year seedlings which had grown under the closed canopy and in small gaps of the 
Lambir forests (A. Itoh unpublished data; see also Fig. 6.5). This difference may indicate the 





Seedling rc.tpon.te to light intensity 
0 
Shoot weight (g) 
5 
Fig. 7.5 Relationships between mean shoot and root weight of 
Dryobalanops ar_omari_ca (e ) and D. lanceolara (0) seedling 
gro~n under vanous hght intensities. Solid lines are expected 
relauons fror:t the calculated optimum curves of Eq (7 .1) for 
each part we1ght. Arrows indicate the direction of increasing 
light intensity. 
Kohyama ( 1987) hypothesized two strategies for sapling growth under the shaded forest 
floors based on the differentiations of allomerrical relations in shade-tolerant saplings. Saplings 
of the species that favored height growth rather than expansion of assimilative area were 
'optimists', who would win between-sapling competition as soon as light conditions improved. 
In contrast, the species which expanded their leaves in a wider area with well-developed 
lateral branches were 'pessimistic' about the early formation of a gap, and rather suitable for 
survival on the dark forest floor. D. aromarica might therefore have some advantage over D. 
lanceolara in the forests with more frequent gap formations, while D. lanceolara might be 
more suitable for the forests with highly shaded forest floors and less frequent gap formations. 
Ashton & Hall (1992) speculated that gap regimes were different in the forests on the 
sandy hills and on the clayey soils of the Lambir Hills. On the sandy dip slopes, most trees 
appeared to die standing, gradually losing their leaves and limbs, and thus small gaps may 
have been produced at an even rate. On the gentle clayey slopes, however, wind-throw may 
have been a major cause of canopy tree mortality, resulting in larger gaps. Although the 
overall frequency of gap formation in each stand is not clear, it is likely that the gap 
formation is more frequent and predictable on the sandy parts, and unpredictable but with a 
larger gap on the clayey parts. It is suggested therefore that D. aromarica and D. !anceolara 
are superior in terms of seedling growth strategy tO each other under the gap regimes of the 
presently distributing stands. 
It is interesting to note that D. !anceolata grew better than D. aromatica in any light 
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condition used in the experiment. The gro'' th conditions used in the experiment, except ligh t 
intensity (e.8. enough soli water and rel:ui,·ely high contents of soil nutrients), were similar 
to CO\ ironmentc; of cl a) -rich \'alleys of the study site, "here D. lanceolata was distributed. D. 
lanceolata may, therefore, superior to D. aromarica in tem1s of early seedling growth in such 
an en"ironment regardless of light conditions. The differences in spatial and temporal patterns 
of forest floor light conditions, '' hich were found between sandy ridges and clayey valleys, 
may not be able to explain the mechanisms of segregated distributions of D. aromarica and 
D. lanceolara, at least from the view point of seedling growth. Other environmental factors 
than light may be more important. Does D. aromarica grow bcucr in poor nutrient soils 
and/or under deficit of water, "hich are the characteristics of the sandy ridge environment? 
We need more experiments controling other environmental factors. It is essential to know the 
performance of their seedlings under various soil water and nutrient conditions. 
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EFFECTS OF FOREST FLOOR ENVRIONMENT 0~ GERM INATION 
A~O SEEDLL\G EST ABLISH\ 1E:"JT 
INTRODUCTION 
A number of authors ha"e reported species-specific correlations between canopy tree 
distributions and topography and soils in tropical rain forests (e.g. Ashton 1969, Austin er al. 
1972, Baillie er al. 1987, Lescure & Boulet 1985, Rogstad 1990). The distributions of D. 
aromarica and D. lanceolara also showed significant correlations with topography and soils 
in the Lambir Hills (Chaper 3). These relations suggest that there is niche divergence among 
the species and that their distributions are detem1ined at least panly by the physical environment. 
However, from such relationships only, the mechanisms which control the spatial distribution 
of these species cannot be clarified. Experimental studies are indispensable for understanding 
of the mechanisms (Grub 1989, Silvertown 1987). 
The field study on the seedling dynamics (Chpater 6) and the shade experiment (Chapter 
7) failed to find the mechanisms of their segregated distribtuions. They showed quite similar 
features in seedling dynamics despite the differences in environmental conditions of their 
natural habitats (Ch<~pter 4). Further experimental studies are required to evaluate the effects 
of environment on their regeneration, and to understand its mechanisms. In this chapter, a 
transplant experiment v.as conducted using the seeds of D. aromarica and D. lanceolara. The 
effects of forest floor erl\ironment such as litter accumulation, soil conditions and light 
intensity on the different seedling species "ere studied. 
In order to clanfy the effects of en' ironment on survivorship and growth of tropical rain 
forest seedlings, numerous transplant experiments ha,·e been conducted using seedlings grown 
in green houses (e.g. Augspurger 1984a, Bangers & Popma 1990, Popma & Bongers 1988, 
Denslow er al. 1990, Howe 1990, Osunkoya er al. 1992, 1993). Howeve r, these experiments 
gave li ttle informntion on seed germination and the early phase of establishment. The period 
from germinntion to establishment is the most critical phase for many plant populations, 
when they are susceptible to disturbance and environment effects (Harper 1977, Silvertown 
1987). Species-specific strategies are li:~b le to evolve at this phase (McCarthy & Facell 
1990). Therefore, I focused only on the germination and early establishment phase in the 
current experiment. 
The questions addressed in this chapter were as follows; I) How does the forest floor 
environment affect the germination and seedling establishment of the two species?; 2) Is 
there a difference between the species in the mechanisms and/or the degree of environment 
effects on the germination and seedling establishmem?; 3) Is seedling establishment a critical 




A fruiting tree which was at least 50 m from other fruiting conspecific individuals was 
chosen for each species. Newly fallen mature seeds with no indication of seed predation were 
collected from under the canopies of the selected trees on 18 August 1992 for D. lanceolara 
and 20-21 August 1992 for D. aromarica. Some of the collected seeds were already gcm1inating. 
On 19 August 1992, in each of the ridge and valley sites, three quadrats (2 m x 2 m) 
were established under the canopy of the mother tree (understorey) and at the center of the 
nearest canopy gap (< 30 m from the mother tree). The gaps were recently fom1ed by 
rreefalls. According to the criteria of Brokaw ( 1982), their sizes were approximately 30 m2 
and 50m2 in the valley and the ridge respectively. In each quadrat 40 seeds of each species 
were alternately placed on the litter, spaced on a I 0 cm x 20 cm grid. A plastic spoon was 
placed adjacent to each seed to identify its position. 
Development stage, survival and monality factors of the seeds and seedlings were checked 
six times at I 0, 20 and 30 days, at 2 and 3 months and at one year. Development stages were 
defined as following: I) before germination; IT) germinated and radicle emerged; liT) cotyledons 
opened; IV) primary leaves opened. Since the seeds were not covered by litter or soil and the 
radicle emerges from the upper side of a seed, development stages could be distinguished 
easily. All dead seeds and seedlings were pulled out, and the mortality factors were classified 
on the basis of observations of dead individuals as following: I) vertebrate predation- seeds 
or seedlings which were removed or completely destroyed; 2) cotyledon damaged- seedlings 
with cotyledons which were badly damaged or cut off by insect bites; 3) root predation -
seedlings whose main roots or root tips were badly damaged by insect bites; 4) desiccation -
seedlings whose root tips were wilted and became blackish, but without insect bites; 5) fungi 
- seeds wh ich were covered with fungi; 6) other factors - seeds or seedlings which were 
killed by termite attack, fallen branches or unknown factors. 
Light conditions and li tter accumulation of each treatment were measured for environmental 
evaluation. Diffuse site factor (DSF), which is the percentage of diffuse light at a given site 
compared with total light in the open (Anderson 1964), was used for light evaluation. DSF 
can be easily calculated and indicates the forest floor microclimate well, especially in small 
gaps (Whitmore er al. 1993). Hemispherical photographs were taken at the center of each 
quadrat 50 cm above the ground with a fisheye lens (Nikon Fisheye Nikkor 8 mm f/2.8). DSF 
was calculated from the photographs by the manual method of Anderson (I 964). Litter was 
collected from randomly placed five 20 cm x 20 cm squares on the fores t floor of each sites 
(ridge understorey, ridge gap, valley understorey and valley gap), and the dry weight was 
measured. 
The G-test (Sokal & Rohlf 1981) was used to analyze the difference of germination or 
survival rates between each pair of treatment within each topography. Dead seeds in which 
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weevi l l:trvae were found were excluded from the analysis, because they must have been 
damaged before dispersal (Daljeet-Singah 1974). 
RESULTS 
Light condition and litter accumulation 
Forest understorey was more shaded in the valley (DSF = 1.2 ± 0.09%: mean ±standard 
error) than on the ridge (3.1 ± 0.69%). The valley gap had smaller DSF (4.8 ± 0.51 %) than 
the ridge gap (9.5 ± 1.75%). Litter accumulation was larger on the ridge (understorey: 1,180 
± 51 g m 2, gap: 724 ± 5 I g m·2) than in the valley (understorey: 292 ± 69 g m·2, gap: 364 ± 
82 g m·2). 
Development and surl'irorslrip of seedlings 
Although germination rates (the proportions of individuals attaining development stage II) 
were more than 90% regardless of treatment or species, the proportion of seedlings reaching 
development stage I 11 was variable among treatments (Table 8.1 ). On the ridge, development 
stage II was a critical phase when many individuals died, failing to reach development stage 
ITI. The proportion of seedlings reaching development stage IV was mainly dependent on the 
Ta ble 8.1 Number of Dryobalanops seedlings surviving at various development stages and 
one year after transplanting. Figures in parentheses indicate the proportions(%) to the number 
at development stage I (see text for details). 
Valley Ridge 
Developmen t stage 
Understorey Gap Understorey Gap 
Dt)'obalanops lanceolara 
1 120 I 19 I 18 119 
II 120 (100) I 19 (100) 113 (95 .8) 110 (92.4) 
Ill 96 (80.0) 95 (79.8) 9 (7.6) 27 (22.7) 
IV 85 (70.8) 88 (73.9) 8 (6.8) 23 (1 9.3) 
I yr. 54 (45.0) 68 (57. I) 2 (1.7) 19 (16.0) 
Dryobalanops aromarica 
I I 19 117 120 117 
Il I 17 (98.3) I 15 (98.3) 11 5 (95.8) 110 (94.1) 
Ill 84 (70.6) 84 (7 1.8) 24 (20.0) 41 (35.0) 
IV 67 (56.3) 66 (56.4) 23 ( 19.2) 36 (30.8) 
I yr. 42 (35.3) 52 (44.4) 10 ( 8.3) 30 (25.6) 
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probability of survival through developmenr stage 11. 
Seedling development ''as slower on the ridge than in the valley. Most seeds had germinated 
at 10 days after both in the \alley and the ridge. At 20 days, more than 90% of living 
indi,iduals had attained development stage Ill or IV in the valley, howe,er, on the ridge, 
94-98% were still at development stage 11. ~tany seedlings died in the 20-30 day period on 
the ridge. 
Effects of forest floor e111•ironment 
In the valley, the proportions of seedlings opening primary leaves (development stage IV) 
were significantly larger for D. lanceolara than D. aromarica both in the understorey (G-test, 
i = 5.476, p = 0.0193) and in the gap ( l = 8.064, p = 0.0045), but the proportions were not 
different between the understorey and the gap within each species (D. aromarica: i = 0.003, 
p = 0.987; D .lanceolara: i = 0.290, p = 0.590) (Fig. 8.1 ). On the ridge, on the other hand, the 
proportions were larger for D. aromarica than D. lanceolara within each canopy cover 
(understorey: l = 8.372, p = 0.0038; gap: i = 4.143, p = 0.0418). and larger in the gap than 
in the understorey within each species (D. aromarica: l = 4.290, p- 0.018; D. lanceolara: i 
= 8.520, p = 0.0035) (Fig. 8.1). 
Valley Ridge 
Fig. 8.1 Proportions (%) of seedlings surviving to the stage of primary leaves 
(development stage IV; see text) for Dryobalanops aromarica (Da) and D. lanccolara 
(DI) in different forest floor environments. Different lcucrs indicate significant 
differences within the same topography (valley or ridge) by G-tcst (p < 0.05). 
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Fig. 8.2 Survivorship (%} at one year of seedlings of the stage of primary 
leaves (development stage IV; sec text) for Dryobalanops aromatica (Da) and 
D. lanceolata (DI) in different forest floor environments. Different letters 
indicate significant differences within the same topography (valley or ridge) by 
G-test (p < 0.05). 
One year survivorship of seedlings which anained development stage IV was significantly 
larger in the gap than in the underswrey within each topography and species (x2 = 3.949-10.218, 
p = 0.0014-0.0469) (Fig. 8.2). The survivorship was not different between species within 
each topography and canopy cover ( l = 0.0052-0.891, p = 0.345-0.942). 
Factors of seedling death 
On the ridge, the most important mortality factor until development stage IV was root 
predation (Fig. 8.3). Root predation occurred only for seedlings whose root was still inside 
the liner layer (development stage 11). The predators could not be specified. Scars of predation 
were intense near the root tip in most cases. Mortality by root predation was higher on the 
ridge than in the valley for both species, especially for D. lanceolata (mortality on the ridge 
was 51-59%). 
Mortality by desicc:uion was found only on the ridge for seedlings at development stage 
11. The mortality '' :ts signific:mtly higher in the understorey than in the gap for D. aromatica 
on the ridge ( l = ~.596, p = 0.032) (Fig. 8. 3). 
Cotyledon damage w:ts mostly done by unidentified tiny bark beetles (Sco1ytidae). There 
was no environmental effect on monality by coryledon damage (Fig. 8. 3). Vertebrate predation 
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Fig. 8.3 .\1onality of seeds and seedlings before primary leaf production for 
Dryobalanops aromarica and D. lanceolara in various forest floor environmenL<;. Total 
monality is divided into six categories based on monality factors (see text for details). 
VU: valley undcrstorey, VG: valley gap, RU: ridge undcrstorcy, RG: ridge gap. 
was found only in some quadrats in the valley gap, where some seeds, seedlings and plastic 
markers were found broken up. More D. aromatica seedlings were killed by fungi than D. 
lanceolata, especially in the valley (Fig. 8. 3). 
Most of the dead seedlings after development stage IV were found standing and intact 
with wilted leaves, suggesting that they had suffered water srress. 
DISCUSSION 
Effects of f orest floor enl'ironment on seedling establishment 
This study showed the complex effec ts of fores t floor environmen t on seedling establishment 
of D. aromarica and D. lanceolata. 
Forest floor environment showed no effect on the germination rates of both species. 
Seeds of two dipterocarp species (Diprerocarpus grandiflorus (Blco) Blco, Shorea mulriflora 
(Burck) Sym.) also showed similar germination rates in forest understOrey and in a gap (50% 
canopy cover}, but less in a clearing (2% canopy cover). in a Malaysian rain forest (Raich & 
Gong 1990). However, seeds of Shorea crurisii Dyer ex King (Turner 1990a) and Varica 
nitens King (Raich & Gong 1990) germinated better in understorey than in the same gap. 
Turner (1990a) speculated that excessive temperature was an important cause of seed death 
in the gap. Size of the gaps in the current study was probably not large enough to damage the 
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seeds of Dryohalanops by extreme changes of environment, such as high temperature. 
At the prim:uy phase of establishment, D aromarica and D. lanceolata showed higher 
survivor~hip in the valley than on the tidgc. In addition to the direct effect of desiccation, 
root predation was importan t in reducing establishment rates on the ridge. On the ridge, 
seedl ing development, especially root elongation, was delayed during the first 20-day period . 
This was most likely due to the dfect of drying litter, because there were on ly three days 
with good rain (> I mm/day) (J. V. RaFrankie, unpublished data}, and the litter on the ridge 
was drying during the period. The dry litter led a longer duration of development stage II for 
the seedlings on the ridge, and probably increased the root predation rate, because seedlings 
of this phase were most susceptible to root predation. Therefore, the physical effect of dry 
liuer was amplified by root predation . 
The amount of liuer accumulation influences plant establishment, though the magnitude 
and mechanisms are variable among species (Ahlgren & Ahlgren 1981 , Fowler 1988, Molofsky 
& Augspurger 1992, Sydes & Grime 1981 ). Liuer amount may have some effect on the 
establishment of D. aromauca and D. lanceolara through the mechanisms mentioned above. 
A large amount of litter accumulation increases the degree of dryness on the surface of a 
fores t noor, because it is separated by a thick liuer layer from the humus layer and soi l 
surface, "'hich usually ha\e relatively high and stable water contents. Furthermore, it takes 
longer for roots to penetrate the thicker liuer layer (Facelli & Pickett 1991). Thus the 
establishment rate is probably smaller in a micro-site with larger liuer accumulation within a 
local site of the same soil and topography. On the ridge studied, establishment rates were 
higher in the gap than in the unders10rey (Figs. 8. 1 and 8. 2). This was probably due to the 
lower accumulation of liuer in the gap site, though the relation between litter accumulation 
and canopy cover was not clear. In persistently wet environments such as the valley studied 
here, the innuence of the amount of liuer may be small. 
The magnitude of the effects of forest floor environment, especially dry liner, on seedling 
establishment differed between the two species. The higher establishment rate of D. aromatica 
on the ridge appeared to be the result of its lower root predation rate. Root predation can be 
reduced by two ways as I) effective defence against root predation by chemical compounds 
and 2) capacity for faster root elongation, "hich shonen the crucial period for root predation. 
Dipterocarp species d1ffer in their tOlerance of dry conditions at germination (Ashton 
1982). Size of seeds is related to the degree of desiccation tolerance. The seeds of larger seed 
species were less toleran t than those of smaller seed species within Dipterocarpu.s and Shorea 
(Thompseu 1985, 1987). Although seed sizes of D. aromarica and D. lanceolata were not 
different, Tompsett ( 1991) indicated that D. aromarica seeds have a smaller value of "lowest-safe 
moisture con tent (LSMC)", below which seeds are damaged by desiccation, than D.lanceolara 
seeds. This suggests that D. aromarica seeds are more desiccation-tolerant than those of D. 
lanceolara. However, there has been no swdy of the relationship between desiccation-tolerance 
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and c:~pacity for root elongation under dry conditione;, ''hich rn:~y be more imporwnt in 
reducing the rate of root predation. In general, larger seeds can provide more nutrient reserves 
for production of root sy!.tems required for faster penetration of liuer (foster 1986, Garwood 
1983). :0.1ore detatled studies on the process of germination and seedling development are 
required in order to fully understand the mechanisms of establishment. 
Influence of establishment phase on mature tree distribution 
This study provides some e\ idence of the divergence in regeneration niches (Grubb 1977, 
Turner 1990a) between D. aromarica and D. lanceolara. The mechanisms for the fine-scale 
spatial separation of the two species can be partly explained by this niche divergence. 
Forest noor dryness during the early establishment phase was fatal to D. lanceolara. 
Total monality of D.lanceolara during the one-year experiment was 98.3% in the understorey 
on the ridge. This value, however, must be an underestimate, because the monality by 
predispersal predation was excluded in this study. In a mast fruiting year ( 1990), the mature 
seed production of :~n emergent D.lanceofara was estimated to be 7276 in the study forest, of 
which 43.8% did not germinate mostly due to predispersal predation (see Chapter 6). Given 
this estimation, only 82 seedlings per adult tree would sur.·i\ e in the understorey on the ridge 
one year after mast fruiting. In the natural distribution area, however, more than 2000 D. 
lanceolara seedlings per fruited trees were sur.i .. ing two years after hea'y seed dispersal 
(see Chapter 5). Therefore, the early phase of seedling establishment seems to be a bouleneck 
for regeneration of D. lanceolara and a limit to its mature tree distribution in relatively dry 
sites. 
Even in the humid aseasonal tropics, soil water deficit can frequently occur (Whitmore 
1984). Vegetation on the shallow soils in coastal Sarawak is subject to severe moisture stress 
almost every year (Baillie I 972, I 976; Brunig 1969). In Sarawak persistently wet forest floor 
sites may be restricted to locations with clay-rich soils which have good water-holding 
capacity, or to topographically wet places such as valleys, even on sandy soils. The absence 
of D. fanceofara from upper slopes and ridges having sandy soils is probably due to the 
difficulty of seedling establishment on such relatively dry fores t noors. 
The distribution pauern of D. aromatica, however, which is not found in valleys with 
sandy soils or on clay-rich soils, cannot be explained from the view point of establishment 
phase dynamics, because D. aromarica can establish both on ridges and in valleys. Spatial 
distribution of mature trees of cenain species is dependent not only on seedling establishment, 
but also on seed dispersal and spatial effects on survival and growth of established seedlings 
(Augspurger 1984a, Brokaw & Sheiner 1989, Grubb 1977, Oldeman & Dijk 1991). This 
latter process is likely to be more important in determining the mechanisms innuencing the 




In this chapter, I firstly summarize the regeneration processes of Dryobalanops aromarica 
and D. fanceolara based on the results of the previous chapters. Then, I discuss the role of 
habitat heterogeneity in maintaining the canopy tree richness of the study forest. 
REGENERATION PROCESSES OF TWO DRYOBALANOPS 
The regeneration processes of the two Dryobafanops studied are summarized as following, 
based on the current and previous studies. 
Flowering to seed maturity 
At the population and regional level, both species appear to nower at a relatively short 
intervals (1-4 yr.?) compared to other dipterocarp species (Chapter 2, Chan & Appanah 
1980). The flowering intervals of each individuals, however, may be longer than those at the 
population level. In the study forest, at least one fruiting tree of each species was found every 
year during the 4-year study period; both species fruited in December 1990, September 1991, 
August 1992, July 1993 and August 1994 (only one fruiting rree of D. aromatica was found 
in 1994). But no individual was observed to fruit more than twice during the period. Thus, 
individual trees may nOt be able to flower annually or at a very short intervals of a few years. 
Reproductive biology of D. lanceolara during the period from flowering to seed dispersal 
has been well known thanks to the study by ~1omose et al. (in prep.). They observed the 
reproducti' e process in the tree canopy using a tree tower and walk way system constructed 
around an emergent tree of D. lanceofara (ea. 70 m in height) in the Lambir forest. Flowers 
of D. lanceofara were pollinated by medium sized stingless bees (Trigona spp.). All nowers 
observed were successfully pollinated, but 93% were aboned within three weeks after flowering. 
They did not show complete self incompatibility, although selfed fruits appeared to be 
selectively aborted based on the result of a bagging experiment. It took about four months 
until the fruits matured, and during this period 40% of the remaining fruits were damaged by 
insect seed-predators, mainly weevils (Mecysofobus crassus), on the tree canopy. It was 
concluded that about 4-5% of nowers became intact mature seeds at the rime of seed dispersal. 
Although there is no detailed study on reproduction biology of D. aromarica, it may not 
be much different from that of D. lanceolata judging from the observations about the pollinators, 
seed-predators (Chapter 6, Momose et al. in prep., A. Itoh pers. observation), and predation 
and germination rates (Chapter 6). 
Besides the insect seed predators, giant squirrels (Rarufa affinis) were some times observed 
to eat the fruits on the canopy (A. ltoh pers. obsen·arion), though it was not known how 
much they affected the seed sun ivorship before dispersal. 
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Seed disprrsnl to roredling e\fnblishment 
Mature fn1its ha' ing fi,e long sepal-wings are dispersed by wind. but their dispersal distance 
was relath·cly short and rarely O\er 30 m from the base of mother trees (Chapter 5). :-.1ost of 
the dispersed fruits are likely to f::11l directly under the canopy of mother trees, "hich are ea. 
10-15 m in radius, ''hile the few remaining fruits are dispersed over 15-20 m out of the 
canopy. Longer distance dispersal (ea.> 100 m) of D. laneeolara fruits was observed once in 
the study forest (A. hoh, pers. observation), nevenheless. this was probably an unusual case. 
The fruiting tree (ea. 70 m tall) was standing on top of a ridge near the national park 
boundary; there was no large tree out of the park, hence no obstacle to seed dispersal. 
For both species, about I 0-20% of the dispersed seeds were eaten by vertebrates (e.g. 
rodents) within one week after dispersal (Ch:~pter 6). However, as w:~s discussed in Chapter 
6, some of the seeds which were eaten by vertebrates probably had been damaged by insects 
before dispersal. Thus, actual seed loss by vertebrate-predation may have been smaller. The 
predation rates were higher in gaps probably due to the higher activity of predators in gaps 
(Chapter 6, Shupp 1986). 
In addition to the \ertebrate predation, 1.5-7% of the germinated seeds were auacked by 
insects (e.g. Xyleborus spp.; Chapter 6, Momose er al. in prep.) on the fore!'>t floor. However, 
Momose er al. (in prep.) reported that this was a secondary pred:~tion and most of the 
auacked seeds had already been damaged by weevils on the tree canopy before dispersed. 
Therefore, the loss of seeds by this factor alone might be smaller. 
AnOther 3-9% of germinated seedlings died before rooting due to the poor root development 
(Chapter 6). Combining all mortality factors (e.g. vertebrate or insect predation, up-rooted, 
fallen branches, ere), approximately 40-60% of the germinated seeds were k1lled during the 
period from seed dispersal to the time ''hen the seedlings shed cotyledons. This means about 
3-4% of flowers survived until they established and shed cotyledons. 
The survivorship at this period may be slightly better in gaps, where postdispersaJ predaLion 
by vertebrate is less severe. However, gap was not required for their germination, and the 
seedlings could establish even under deep shade (Chapters 5 and 6). Newly established 
seedlings of 3185 and 2171 in number were found around one mother tree of D. laneeolara 
and D. aromariea, respectively at 0.5 year (D. laneeolara) and 1 year (D. aromariea) after 
seed dispersal (Chapter 5). It is thus concluded that both species have an ability tO accumulate 
a large number of seedlings around the mother trees even under the shaded forest unders10rey. 
These high establishment rates, however, may be attained only within the environments 
of the currently distributed places, i.e. sandy ridges for D. aromariea and clayey soils for D. 
laneeolara (Chapter 4). They do not always establish \\ell under conditions out of their 
natural distributions. The transplanting experiment (Chapter 8) showed that few seedlings of 
D. laneeolara (< 2% of germinated seeds) established and survived one year on a sandy ridge 
because of the dry forest floor. Thus, the dry conditions are possible obstacle to regeneration 
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of D. laneeolma on sandy ridges. By contrast, seedlings of D. aromariea established even on 
the dry ridge. This higher tolerance of D. aromariea to dry conditions, in terms of seedling 
establishment, may be responsible for its distribution on sandy ridges. The transplanting 
experiment however failed to explain why D. aromariea was not distributed in valleys or on 
clayey soils, because it also established well in the valley. The reason may lie in the period 
after seedling establtshment, such as the survivorship and growth of juveniles. 
Sun-il'al and growth of established seedlings 
Seedling mortality declined after the established seedlings shed the cotyledons (Chapter 6). 
The mortality rates were 15-16% and I 7% in the understorey for D. laneeolara and D. 
aromariea, respectively. Supposing that these mortality rates continue, around the above 
mentioned mother trees, ea. 1400-1500 and 1000 seedlings would survive until 5 years after 
seed dispersal for D. laneeolara and D. aromaciea, respectively. At 10 years post-dispersal, 
ea. 600-700 (D. laneeolara) and 400 (D. aromarica) seedlings would still be surviving. This 
implies that they can maintain persistent seedling populations in the understorey even if the 
fruiting intervals are> 10 years. 
The high ability to maintain a dense seedling population itself, however, does not necessarily 
indicate their successful regeneration in siru. The seedlings were suppressed and grew linle in 
the shaded understorey; for rapid growth, they needed relatively high light intensities, which 
were obtained by gap-formation (Chapters 5, 6 and 7). Therefore, only the seedlings that are 
growing in or near canopy gaps may grow into a larger size class, or saplings. Consequently, 
the spatial distributions of saplings were restricted to the small patches which had recently 
experienced gap-fom1ation (Chapter 6). 
From the view point of seedling growth, the two Dryobalanops do not seem to be the 
strongly shade-tolerant climax species, which usually grow relatively slowly even in gaps 
(Swaine & Whitmore 1988). By contrast. seedlings of the climax species that grow relatively 
fast in gaps usually die quickly in deep shade (Whitmore 1990). This was not the case for 
either of the two Dryobnlanops species. Therefore, the seedlings of D. aromariea and D. 
laneeolaca are unique in having a high shade-tolerance and very fas t growth in high light 
intensities simultaneously. 
Saplings to adult trees 
The current studies focused mainly on the dynamics of seedlings. We do not have sufficient 
data on the dynamics of larger juveniles. such as saplings and poles, for discussion. However, 




Tabcl 9.1 Sapling, pole and adult tree numbers of emergent species in the 50 ha plots of 
Pasoh and Lambir (data for Pasoh species are from Manokaran et al. 1992) 
'umber per 50 ha 






















Dipterocarpus cos tu latus 
Dipterocarpus crinitus 
Dipterocarpus globosus • • 
Dryobalanops aromatica • • 



































199 35 7 
83 36 14 
73 52 12 
972 407 96 
506 96 24 
165 56 15 
1691 381 333 
7410 909 383 
829 97 23 
2800 416 75 
78 71 9 
1780 335 96 
892 212 31 
659 51 10 
866 196 110 
2405 458 154 
1221 330 46 
4484 1048 150 
382 48 12 
1026 247 35 
1230 359 96 
1928 358 84 
657 295 98 
188 42 6 
135 81 15 
776 334 87 
66 40 2 
866 186 32 
369 85 66 
348 193 123 
1040 172 20 
78 25 5 
304 109 32 
/leritiera srmplrcrfolra 211 223 24 
• Saphng: I S DBH < 5 cm: Pole: 5 S DBH < 30 cm: Adult: DBH C! 30 cm 

























































































































Fig. 9.1 Relations between sapling/pole ratio and pole/adult 
ratio for emergent tree species in the 50-ha plots of Pasoh 
(after Appanah et al. 1992) and Lambir. Black circles show 
species of Dipterocarpaceae; open circles are species of 
other families. Sapling: l ~ DBH < 5 cm; pole: 5 ~ DBH < 
30 cm; adult: DBH 2: 30 cm Cm: Conarium megalantyum; 
Da: Dryobalanops aromatica; Dg: Dipterocarpus globosus; 
Dl: Dryobalanops /anceolata; Hs: Heritiera simplicifolia; 
Km: Koompassia malaccensis; Pd: Parashorea densif/ora; 
Se: Sindora coriaceae; Sg: Shorea guiso; So: Shorea 
ochrophloia. Asterisks indicate Lambir species. 
The diameter frequency distributions of the two Dryobalanops (cf. Fig. 3.3, Table 5.1) 
suggest that mortality continues after they become saplings (DBH ;::: I cm). This was also 
supported by a comparison of population structure among the two Dryobalanops and all 
emergent species of the Pasoh 50· ha pl01 (Table 9.1 and Fig. 9.1 ). The two Dryobalanops 
populations in the Lambir plot showed higher ratios of saplings ( 1 ~ DBH < 5 cm) to poles (5 
~ DBH < 30 cm) than most of the Pasoh emergent species, though the ratios of poles to 
adults (DB H 2: 30 cm) are intermediate. This implies that the probability of the Dryobalanops 
saplings to grow into the pole size is relatively small, e"en though they maintain very dense 
sapling populations in the fort:st underswrey. The period from sapling to pole is, thus, 
probably more critical for the regeneration of the two Dryoba/anops in the Lambir forest than 
it is for most of the emergent trees in the Pasoh forest. Otherwise, the higher proportions of 
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saplings suggest that the popul:uions of the two Dryobalanops might not be stable, but 
increasing in the Lambir fore~t. 
To full) under~tand the process of regeneration of the t\\ o Dryobalannp.f, it is necessary 
to monitor the population d) namics of the larger size classes. i e. saplings, poks and .tduhs. 
This will be auained from an ongoing project of the populJtion dynamics and gro'' th of all 
trees larger than I cm DBH in the 52-ha plot (Lee er al. 1995). 
IMPORTANCE OF ENVIRONMENTAL HETEROGENEITY 
FOR LOCAL SPECIES RICHNESS 
One of the interesting findings of this study is that factors which affected spmial distribution 
patterns of the two Dryobalanops species had a hierarchy in terms of spatial scale. Their 
spatial distributions were largely affected by topography and soil in the whole plot scale 
(Chapter 4). However, in a smaller scale("" 1 ha), they were not affected by these factors but 
by the forest growth cycle (sensu Whitmore 1984) (Chapters 5, 6 and 7). Therefore, their 
spatial patterns can be described as a mosaic of small patches resultant from the spatial 
arrangement of various phases of the forest growth cycle, superimposed on p:ltches resultant 
from the differences in topography and soil. This suggests that factors affecting species 
compositions may differ according to focal sp:uial scales: the habitat heterogeneity was most 
responsible for their coexistence in the larger scale, but the forest grov.th cycle may be more 
imponant for their coexistence with other canopy species in the smaller scale. The forest 
growth cycle regulates regeneration of the two Dryoba/anops and may prevent them from 
dominating the whole canopy. 
The hierarchy of factors mentioned above was probably obsef\ed so clearly because the 
study plot included a great diversity of habitats. It was established on a hilly area with a 
highly complex topography, including two distinct soil types (Chapter 2, Hirai et al. 1995, 
Yamakura er al. I 995). The environmental heterogeneity within the plot was therefore 
remarkably high; small fragments of various habitats were mixed finely in the plot. This is in 
sharp contrast to other 50-ha plots in Pasoh and Barro Colorado Island (BC!), which were 
established in a flat area (Fig. 9.2). Their plot layouts intend to make environments within the 
plot as homogeneous as possible. This is because they mainly address the question of how 
tree diversity can be maintained even within a homogeneous habitat in a tropical rain forest. 
Their environmental homogeneity might, however, bias the relative imponance of the 
environmental heterogeneity for the local tree diversity. 
This study was not able to reveal all the mechanisms that promote coexistence of the two 
Dryobalanops, though it pointed to soil water conditions as a possible mechanism (Chapter 


















coe,istence through topographical differences. Besides the physical and chemical properties 
of soi l (Hir3i er al. 1 995), forest stand structure and gap regime seem to be largely affected 
by topography. Yamakura er al. (I 995a, b) suggested that above ground biomass, tree density, 
ma,imum tree size, forest stratification, and possibly proportion of gap area are all correlated 
to topography within the Lambir 52-ha plot (see also Chapter 5). Ashton & llall (1992) 
observed the differences in gap regime between sandy ridges and clayey lower slopes in the 
same site. Pooner er al. (1994) also found a correlation of gap formation to topography in a 
tropical moist forest of the Ivory Coast; the gap densities, sizes and total areas were higher on 
the upper and middle slope than on the crest or lower slope. Since disturbance regime, 
including gap formation , is one of the most importan t factors for determining species 
compositions (cf. Dens low I 980a,b, I 984, Whitmore I 984), topography migh t affect the 
species composition indirectly by influencing gap regime. For example, topography affected 
the effects of gaps on seedling establishmen t and survival of the two Dryobalanops in a 
complex manner (Chapter 8). This implies that topography (a larger scale factor) may interact 
with gap regime (a smaller scale factor) in affecting the regeneration processes and local 
species compositions. Therefore, it is importan t to elucidate the factors affecting regeneration 
of rree species at various hierarchical or spatial scales. and to clarify their interactions across 
different scales in illustrating the coexistence mechanisms of rain forest tree species. 
In conclusion, the environmental heterogeneity of the Lambir 52-ha plot is undoubtedly 
one reason for the remarkable tree species richness expected in the Lambir forest, which 
might be higher tha n Pasoh and BCI (Chai er al. I 995, J. LaFrankie & P. S. Ashton pers. 
comm .). However, the current study considered only two of the more than 1000 tree species 
found in the 52-ha plot (Lee er al. I 995). We should study the coexistence mechanisms for 
many more rree species coexisting in the plot. 
:-.1oreover, studies of environmentally heterogeneous forests are also helpfu l for 
conservation of tropical rain forests. Today, most of the easily accessible tropical rain fores ts 
have been already exploited; in such areas, undisturbed forests, if any, are fragmented. There 
are few undisturbed tropical rain forests which are environmentally homogeneous over a 
wide area. Large undisturbed rai n forests are mostly restricted to the hilly areas where 
exploitation has been difficult due to its complex topography (cf. Apannah & Weiland 
1993b, Harcour 1992). The situation of the Lambir plot, therefore, may not be an unusual 
case among the present conservarion areas. It will give us useful information about rain forest 




Cu \VIER 1 
Coexistence of closely related, sympatric tree species is one of the remarkable fea tures of 
species rich tropical rain forests. This study aims to reveal the regeneration processes and 
coexistence mechanisms of two congeneric emergent tree species, which are distributed in 
sympatric in a Bornean rain forest. 
C itAIYfER 2 
The study site was a mixed dipterocarp forest in the Lambir Hills National Park (= 7000 ha) 
located in eastern Sarawak, east Malaysia. The park is in an aseasonal wet tropical climate 
with an average annual rainfall of ea. 2800 mm. Its topography and relating soil properties 
are highly complex, making a fine mosaic consisting of various habitats. 
The study species, Dryobalannps aromarica Gaenn. f and D. laneeolara Burck 
(Dipterocarpaceae). are emergent species, gro\\ ing up to > 60 m tall at maturity. They have 
been reponed to make dominant stands in Asian rropics. 
CH \I'TER 3 
The degree of their dominance and their status in the study forest were evaluated using a 
large scale permanent plot (52 ha: 500 m x 1040 m). 
D. aromatica (total number of trees larger than I cm DBH (/\') = 8419) was the most 
abundant canopy species in the 52-ha plot; D. lanceolara was not so abundant (N = 954). 
Even the dominance of D. aromatiea, however, was not extremely high among the common 
canopy species at the whole plot scale (52 ha). The spatial disoibutions of the rwo Dryobalanops 
species were highly clumped; they predominated the main canopy very locally at the scale of 
ea. 1 ha. In their most dense 1-ha stands, D. aromariea and D. laneeolara, respectively, 
occupied 23% and 15% of trees l:uger than 50 cm DBH in number, and 30% and 27% in 
basal area. Their dominance was comparable to other Drynbalanops dominant forests previously 
reponed (25-30% in basal area). 'evenheless. this was much lower than the dominance of 
other mono-dominant tropical rnin forests in which dominant species often occupied> 50% 
of the canopy trees in number. Species richness of the canopy trees in the 1-ha stands was 
very high, comparable tO those reponed in typical mi\ed tropical lowland rain forests of the 
Asian tropics. 
CH,\I'I"ER ~ 
Since the spatial distributions of D. aromatiea and D. laneeolara were shown to be clumped 
(Chapter 3), their spatial distributions in the 52-ha plot and the effects of topography in this 
large scale were analyzed statistically. D. lanccolaw had clumps (ea. 1 ha in size) consisting 
of large trees and many juveniles. D. aromarica juveniles showed double clumping as larger 
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clumps (ea. I ha) around 1:\rge trees and smaller clumps (ea. 0. 1 ha) within the larger ones. 
D. aromarica juveniles, however, wen:: segregated from l:lrger conspecific trees on a fine 
scale (ea. 4 m x 4 m). Distributions of the two species were highly segregated from each 
other in relation to the topography. The mean local density (No. I 400 m2) of D. aromarica 
was positively correlated to the degree of concaveness of surface relief, ''hi le that of D. 
lanceolara was negatively correlated. Besides tOpography, soils appeared to affect their 
segregated distributions. It was concluded, therefore, that they were eo-occurring in the plot 
by occupying different patches of the heterogeneous habitat mosaic. 
C H\PTER 5 
Factors influencing the spatial distributions of the two species were estimated in the scale of 
predominant clumps. Two 1.6-ha subplots whose canopy were predominated by D. aromarica 
or D . lanceolara were established in the 52-ha plot; they occupied 19.5% (D. aromarica) and 
17.3% (D. lanceolara) of the total basal area of trees~ 30 cm DBH. Forest structure of the 
two subplOts were largely different from e.tch other; the subplot predomtnated by D. aromarica 
was two times larger in the total number of trees~ I cm DBH, however it had a less shaded 
forest floor in average, compared to that of D. lanceolara. 
Both species had abundant juveniles of various sizes. Newly established seedlings (< 
14-month old) were concentrated around mother trees for both species, suggesting their 
relatively poor seed dispersal (< 40 m). Spatial distnbution of seedlings (DBH < 1 cm) 
negatively correlated to distance from the nearest conspecific adult (DBH ~ 30 cm) in both 
species, indicating that seedling distribution was affected mostly by seed dispersal. However, 
that of D. aromarica positively correlated 10 light intensity at the forest floor as well. Spatial 
distribution of saplings (1 S DBH < 5 cm) correlated positively to local density of all tree 
species and negatively to tOtal basal area for both species. Sapling distribution may therefore 
be concentrated in the patches of the late gap phase or early building phase of the forest 
growth cycle, where many small trees but no large trees exist. 
It is concluded that both species had a generally similar regeneration process in spite of 
the large differences between their predominant stands: i.e .. I) they may not require gap-
formation for germination, establishment and survival resulting in a persistent seedling/sapling 
bank around mother trees, but 2) formation of proper gap may be required for rapid growth 
of their suppressed juveniles, hence for the later phase of their regeneration. Their intermediate 
local dominance of forest canopy is also discussed in terms of this regeneration process. 
CHAIYJ"F.R 6 
To evaluate the regeneration process of the two Dryo/Jalanops species estimated in Chapter 
5, especially for the seedling phase, survi,orship and growth of their seedlings were observed 
for 2.5 years after seed dispersal. Two other dipterocarp species, Diprerocarpus globosus 
- 88-
Suf1Unary 
Vesque and Diprerocarpus acrangrtlus Vesque, were also included for comparison. 
Prcdispersal seed predation rates were 75, 27-34 and 18-26% for Dip. globosus, Dry. 
lanceolara and Dry. aromarica, respectively. Less than 20% of the two Dryobalanops seeds 
were damaged by vertebrates after seed dispersal. During the period from seed dispersal to 
the time when the seedlings had shed cotyledons, about 90 and 60-70% of dispersed seeds 
died fo r the two Diprerocarpus and the two Dryobalanops, respectively. The major mortality 
fac tors during this period were up-rooted and seed/seedling predation by insects or vertebrates. 
Thereafter, all species showed constant mortality rates of 34, 15-16, 17 and 6 %/yr at the 
fores t understorey for Dip. acrangulus, Dry. /anceolara, Dry. aromatica and Dip. globosus, 
respectively. i\lonaluy rate \\3S lower in a gap (4 %/yr) than in the understorey for D ry. 
aromarica, while not different between gap (17 %/yr) and understorey for Dry. lanceolara. A 
majority of dead seedlings were killed by fallen branches or were found standing with wilted 
leaves, suggesting water stress. No significant correlation was found between seed/seedling 
mortality and distance from mother trees or initial density for all fou r species. The seedlings 
showed little height grO\\ th and leaf production in the understorey, but grew better in gaps; 
for all species, the mean leaf production was positively correlated to the cumulative diffuse 
light intensity of their habitats. 
These results supported the estimated regeneration process: i .e. they may make a dense 
seedling bank around mother trees, the spatial pattern of which may be affected mostly by 
seed dispersal; the effect of gap on spatial pattern of seedlings may be larger in D . aromarica 
than in D. lanceolara; their seedlings may be suppressed under forest canopy and released by 
gap formation to grow rapidly. 
CHAJTJ'ER 7 
To evaluate the possibility that the two Dryobalanops were segregated from each oilier 
through the difference in seedling grO\\ th response to light conditions, a shading experiment 
was conducted. Four-month shading from germination resulted in both species showing an 
optimum light condi tions for seedling growth. The relations between 4-month old seedling 
weight and light condition were expressed by the optimum growth model of Hozumi et al. 
( 1960), formulated as 
j_=~1 +A2f+B 
w f ' 
where w is mean weight of seedlings,[ is relative light intensity (RLI) and A 1, A2 , and 8 are 
coefficients. Estimated optimum Rlls were 27% and 31% for D. lanceolara and D. aromarica, 
respectively. Seedlings of D. aromarica tended to promote height growth rather than diameter 
growth and leaf production, compared to D. lanceolara. It is concluded that the differences in 
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seedling response to light cond1110ns "ere not large enough to explain their segregated 
distributions alone. 
CIIAI'I"ER 8 
To evaluate the effects of forest floor environments on germination and establishment, seeds 
of the two Dryobalanops were sown in gaps and understorey on a ridge and a valley. 
Germination rates were 92-100% regardless of site and species. On the ridge, the proponion 
of seedlings that opened primary leaves was larger in D. aromatica (19-30%) than D. lanceolara 
(7-19%), mostly due to higher root predation in D. lanceolara. In the valley, by contrast, the 
proponion was larger in D. lanceolara (71-74%) than D. aromatica (56%). After primary leaf 
production, seedlings of both species had higher survivorship in the gaps than in the understorey. 
It is concluded that the absence of D. lanceolata on sandy ridges was at least partly because 
of its poor establishment on such dry forest floors, and that the explanation of the absence of 
D. aromatica in valleys must lie in the lauer period rather than during seedling establishment. 
CH.\I''TER 9 
The regeneration processes of the two Dryobalanops were summarized, and the effects of 
habitat heterogeneity in the study forest on its species richness were cliscussed. It was suggested 
that factors affecting tree species diversity have a hierarchy in terms of spatial scale. In the 
large scale of the whole 52-ha plot, coexisting of the two Dryobalanops was maintained by 
complex arrangement of topography and soils of the plot. In the smaller scale (• I ha), 
however, their regeneration was affected more by forest growth cycle. The remarkably high 
species richness in the Lambir 52-ha plot ''as at least partly due to its highly heterogeneous 
environments. It is of importance to study the coexistence mechanisms for many more 
eo-occurring tree species in various spatial scales. 
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